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CHAPTER 1. General Introduction 
Dissertation Organization 
The dissertation is organized in the following manner: a general introduction 
including a literature review, three papers to be submitted for publication in scientific 
journals, a general conclusion, a list of references cited in the general introduction, and 
acknowledgments. The literature review contains background information on the biology of 
the corn rootworm, management of the pest, and farmer surveys. 
Objectives 
1. To determine if larval survival on transgenic corn affects the fitness and dispersal of 
adult western corn rootworms. 
2. To determine if adult feeding on transgenic com affects the fitness and dispersal of 
female western com rootworms. 
3. To evaluate farmer perceptions of transgenic com for control of the European com 
borer and com rootworm. 
Literature Review 
Biology of the corn rootworm. 
The western (Diabrotica virgifera virgifera LeConte) and northern (D. barberi Smith 
& Lawrence) com rootworms are both native to the Americas (Chiang 1973). The northern 
com rootworm was first recorded by Thomas Say in 1824. John LeConte first identified the 
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western corn rootworm species in 1868 (Smith and Lawrence 1966). The western com 
rootworm was recognized as a pest of com in Colorado in 1909 (Gillette 1912). By the 
1940's, the western com rootworm had become a major pest of com in the western Com Belt 
(Ball 1957). The expansion of the northern com rootworm has not been as extensive as the 
western com rootworm but it is a pest of com across most of the northern Com Belt (Chiang 
1973). 
The northern and western com rootworms have similar life cycles. Eggs are layed in 
the upper 10-20 cm of soil (Pruess et al. 1968). Eggs diapause through the winter then hatch 
in the spring. Larvae prefer to feed on roots of com but are able to survive on several species 
of grasses (Levine and Oloumi-sedaghi 1991, Branson and Ortman 1967a, b, 1970, 1971). 
First stage larvae prefer to feed on the hairs of the roots. Second and third stage larvae create 
scars and tunneling within the cortex of the root (Reidell and Kim 1990). Larvae prefer the 
youngest roots and often move close to the surface of the soil to feed on the apexes of new 
roots. Larval injury to the com roots causes physiological stress due to reduced water 
transport and structural stress often resulting in lodging of the com (Kahler et al. 1985). The 
larvae complete 3 stages of development and pupate 0-22 cm in the soil (Sechriest 1969). 
Adult western com rootworms tend to emerge from the soil a few days before 
northerns and males of both species will emerge a few days before females (Ruppel et al 
1978, Branson 1987). Mating occurs soon after the females emerge. Males will mate several 
times during their lifetime while females will generally mate once (Branson et al. 1977). 
Laboratory studies have found that western com rootworms can lay as many as 1000 eggs per 
female while northern com rootworms average around 200 eggs per female (Branson and 
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Johnson 1973, Hill 1975). Adult northern com rootworms have average life spans of 48-89 
days in the laboratory (Boetel and Fuller 1997). Field-collected and laboratory-reared adult 
western com rootworms have lived from 67 to 95 days (Ball 1957, Boetel and Fuller 1997, 
Branson and Johnson 1973, and Hill 1975). 
Adult dispersal. 
Movement and dispersal is an important aspect of adult com rootworm life history 
and ecology (Cinereski and Chiang 1968, Hill 1975, Hill and Mayo 1980, Grant and Seevers 
1989, Lance et al. 1989, Naranjo and Sawyer 1989). Western com rootworms have the 
ability to travel long distances. Between 1955-1970, it was estimated that the western com 
rootworm population was colonizing new areas of the eastern Com Belt at a rate of 30 
miles/year (Luckmann et al. 1974). 
Coats et al. ( 1986) found that mated, pre-ovipositional female western com rootworm 
beetles were more likely to engage in long distance flights, concluding females mate before 
dispersing. Female western com rootworm beetles tethered on a flight mill flew up to 39.6 
km in a 24-hour period. Mated female western com rootworm beetles older than 9 days had 
significantly fewer flights than unmated females and younger females. A comparative study 
of the flight performance of northern and western com rootworm beetles by Naranjo (1990) 
concluded that western com rootworm beetles flew for longer periods but had a lower 
frequency of flights than northern com rootworms when tethered to a flight mill. There is 
evidence to suggest migratory flights may be hormonally controlled. Coats et al. (1987) 
found that females treated with juvenile hormone mimic flew more trivial and migratory 
flights. They concluded female western com rootworm beetles might be more likely to 
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engage in migratory flights before their ovaries are fully developed. 
Beetles can take advantage of weather patterns to assist in their long-range dispersal. 
Ruppel (1975) suggested the rapid dispersal of the western corn rootworm in Michigan was 
probably facilitated by prevailing winds. Grant and Seevers (1989) observed adult western 
com rootworms washing up along the southern shores of Lake Michigan. They discovered 
there were increased numbers of female beetles present along the shore after a cold front had 
passed through the area. They concluded beetles are caught up in the prevailing winds then 
ejected from the system by down drafts. 
Many studies have examined the characteristics of adult movement within a field. 
Steffey and Tollefson (1982) found spatial dispersion of northern and western com rootworm 
adults within a field was density dependent. Witkowski et al. (1975) observed that western 
com rootworm flight is crepuscular. They discovered greater numbers of western com 
rootworm adults on sticky traps 2-3 hours after sunrise and before sunset. Additionally, 
females were more likely than males to be found at heights between 1.8 m and 3.0 m. There 
were no differences in flight activity between the sexes below 182.9 cm. They found reduced 
flight activity when temperatures were below 15°C, and increased activity around 25°C. 
These findings were supported by VanWoerkom et al. (1980) who observed reduced flight 
ability of western com rootworm adults at temperatures below 25°C and Naranjo (1991a) 
who did not find sustained flights of western com rootworm beetles at temperatures below 
15°C or above 35°C. 
VanWoerkom et al. (1983) conducted experiments with western com rootworm adults 
in a wind tunnel. They found that flight activity occurs when wind speeds are less than 4 
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m/sec but cannot control their direction of flight when winds exceed 1.5 m/sec. Beetles were 
more likely to fly downwind in air speeds of 0.5 m/sec or greater. From their observations, it 
can be concluded beetles are typically passive fliers within the air current if wind speeds 
exceed their flight speed. 
Adult com rootworm movement outside of com is mediated by the search for food 
and places to lay eggs. Com rootworm beetles are more likely to fly toward com when 
released at the edge of a cornfield bordered with soybeans, wheat, sweet clover, or weeds 
(Naranjo 1994). Adult western and northern com rootworm beetles are attracted to 
compounds present in com foliage, silks, and husks (Hammack 1996, 1997, Prystupa et al. 
1988,). Beetles will leave cornfields in search of alternate sources of food. Analysis of the 
gut contents of com rootworm beetles found they feed on pollen, fresh silk, and young 
kernels of com when available early in the season. Later in the season, they feed on pollen 
from numerous plant species located outside of cornfields (Cinereski and Chiang 1968, 
Ludwig and Hill 1975, Naranjo 1991b). Movement of adults between fields can also be 
related to ovarian development. Female com rootworm beetles ready to lay their eggs have 
been captured returning to cornfields in search of oviposition sites (Lance et al. 1989, 
Naranjo 1991b). 
The discovery of western com rootworm beetles laying eggs in soybeans in Indiana 
and Illinois has stimulated research into adult movement between fields (Isard et al 2000, 
Levine and Oloumi-Sadeghi 1996, O'Neal et al. 1999, Onstad et al. 1999, Sammons et al. 
1997, Spencer et al. 1997, 1998). Sammons et al. (1997) reported a specific attraction to 
soybeans by western com rootworms from Indiana, but not by western com rootworms from 
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Nebraska and Iowa. However, Spencer et al. (1999) challenged their study based on 
. .methodological problems (that) significantly weaken the strength of their conclusions." 
Spencer et al. (1999) suggest it is the physical arrangement of crops that may be influencing 
egg laying of western corn rootworms outside of cornfields. The selection pressure of crop 
rotation may select for individuals with a greater propensity to leave the cornfield. Plants 
with a different physical profile than corn (i.e. soybeans) may be a sufficient mechanism to 
attract or arrest the movement of individuals coming from a cornfield. Comparable 
populations of beetles and egg numbers have been found in alfalfa and other crops that 
suggest adult western com rootworms are not being attracted specifically to soybeans 
(Spencer et al. 1999). 
Management of the corn rootworm. 
Soil insecticides are used to prevent larval injury in a field that has been planted to 
com in successive years and is often the primary control tactic used by farmers (Tollefson 
1990, Gray et al. 1993). Farmers will often apply soil insecticides with little or no knowledge 
of the actual com rootworm population (Turpin 1977). Studies have found that, in Iowa and 
Illinois, less than half of the continuous com acres have economically damaging populations 
of rootworm larvae (Turpin et al. 1972, Gray et al. 1993). The western com rootworm has 
developed resistance to cyclodiene insecticides. In the 1940's, these insecticides were used 
extensively for larval control in Nebraska. By 1963, cyclodienes were abandoned as a soil 
insecticide due to their ineffectiveness. In 2000, seed coated with an insecticide were 
marketed as an additional option for controlling com rootworm larvae (Tollefson and Oleson 
2000). 
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Insecticides sprayed on the canopy of com have been used to control adult com 
rootworms since the 1940's. These sprays are designed to reduce the adult population below 
economic levels before they lay their eggs in the soil. This will prevent larval injury the 
following year. Precise timing and scouting are required to implement this strategy (Levine 
and Oloumi-Sedaghi 1991). Several methods have been developed to determine the 
appropriate time to apply the foliar insecticide (Foster et al. 1986, Godfrey and Turpin 1983, 
Pruess et al. 1974, Tollefson 1990) 
Rotating a field with com and an alternate crop is a common cultural method for 
avoiding the com rootworm larval injury (Levine and Oloumi-Sedaghi 1991). However, in 
1932, two-year crop rotations began to fail due to northern com rootworm damage (Bigger 
1932). Chiang (1965) concluded that the reason was extended diapause. Eggs from a portion 
of the northern com rootworm population remained dormant in the soil for two or more 
consecutive seasons before hatching (Krysan et al. 1984). Rice and Tollefson (1999) have 
concluded that portions of northern com rootworm population in Iowa have extended 
diapause but economic losses are uncommon. 
The western com rootworm also has developed a mechanism for overcoming crop 
rotation. Levine and Oloumi-Sedaghi (1996) reported that populations of the western com 
rootworm were laying eggs in Illinois soybeans. Large numbers of rootworms have been 
found in soybean fields soon after western com rootworms emerge from the cornfield (Isard 
et al. 2000, O'Neal et al. 1999). This population of western com rootworms has continually 
spread and is now in Indiana, southwest Michigan, Ohio and northeast Iowa. This 
phenomenon has caused farmers in the infected areas to increase insecticide use on first year 
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corn (Edwards et al. 2000, Rice and Tollefson 1999). 
Adjusting planting and harvest dates also have been used to control the com 
rootworm. Delaying planting can reduce larval injury because newly hatched larvae can only 
survive a few days without finding a host (Branson and Ortman 1971). Early harvested com 
(before September in South Dakota) reduced populations of rootworms below economic 
levels (Calkins et al. 1970). 
Host plant resistance also is a viable strategy to prevent larval injury. Of the three 
mechanisms of plant resistance described by Painter (1951), only tolerance has been 
identified in commercial com hybrids (Gray and Steffey 1998, Riedell and Evenson 1993, 
Rogers et al. 1975). Tolerance to larval injury has been determined to be the plants ability to 
grow large root systems and regenerate roots after larval feeding (Chiang 1973). Root 
regrowth can explain up to 65% of the variability in yield (Spike and Tollefson 1989). 
The microbial insecticide Bacillus thuringiensis Berliner (Bt) has been used since the 
early 1970's as a management option for the European com borer (Beegle and Yamamoto 
1992). Koziel et al. (1993) successfully developed com plants that contain a gene from Bt 
that produces a crystalline protein toxic to insects. Potato, cabbage, tomato, soybean, cotton, 
tobacco, and rice have been transformed to be protected against specific pests (Kumar and 
Sharma 1994). In 1995, transgenic Bt com was registered for use and was commercially 
available to farmers for control of Lepidopteran pests. 
Resistance to Bt com is a major concern. Several insect pest species including the 
diamonback moth, Plutella xylostella (L.), the Indianmeal moth, Plodia interpunctella 
(Hiibner), the tobacco bud worm, Heliothis virescens (F.), and the Colorado potato beetle, 
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Leptinotarsa decemlineata (Say) have developed resistance to Bt (McGaughey and Whalon 
1992). The transgenic corn for control of the European com borer exerts a high selection 
pressure on the pest population. Insect resistance management groups have met and decided 
that, because of the selection pressure, a refuge was needed to slow or prevent the 
development of resistance (Ostlie et al. 1997). Today, farmers that grow transgenic com are 
required to plant at least 20% of their com to a non-transgenic hybrid that is no more than 1/2 
of a mile and preferably V* of a mile from the transgenic field. The refuge is designed to 
produce susceptible com borers that will survive and mate with any com borers surviving the 
Bt com (Ostlie et al. 1997). 
Seed companies are currently developing transgenic com hybrids that will be resistant 
to the com rootworm. Monsanto Co. has developed a Bt hybrid that was licensed for 
commercial sale in February, 2003 (EPA 2003). Gray (1999) suggests that the potential for 
resistance to develop by the com rootworm is much more likely than it is for the European 
com borer, Ostrinia nubilalis (Hiibner). The conclusion is based on knowledge of adult 
dispersal, the injurious nature of two life stages within a growing season, and a history of 
developing resistance to insecticides. Unlike the European com borer, adult rootworms do 
not leave the cornfield to mate (Mason et al. 1996). This could limit the options for refuge 
placement. Additionally, both the adults and the larvae of the com rootworm feed on com 
plants. Therefore it is possible a rootworm could be exposed to the Bt toxin as a larva and 
adult. This could cause a double selection pressure, which could increase the chances that a 
resistant population of rootworms could develop. 
Surveys of farmer perceptions. 
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Perception is defined by Webster's New World Dictionary as, "the understanding or 
knowledge, gotten by perceiving or a specific concept, idea, or impression so formed." 
Perceptions are most often formed from personal experiences (Guralnik 1980). Mumford 
(1981) states when farmers have had direct experience with a pest problem their estimate of 
losses are likely to be good. However, the worst possible losses are rare events and may not 
have been experienced by a farmer. Therefore, a farmer may have to use an indirect means, 
such as farm magazines, a neighbor's experiences, or advertisements, to estimate these losses 
from a pest. Several surveys have been conducted to gauge farmer perceptions on IPM 
concepts, sources of information, future technologies, and past experiences with insect pests. 
Surveys can be beneficial to educational, regulatory, and agribusiness representatives 
attempting to understand farmer perceptions (Turpin and Maxwell 1976, Sisco et al. 1983, 
Grieshop et al. 1988, Pingel 1991, Rice and Ostlie 1997, Pilcher and Rice 1998, Pilcher et al. 
2002). 
Turpin and Maxwell (1976) surveyed the decision-making patterns of farmers in 
Indiana. They found that farmers who perceive a higher level of pest damage were more 
likely to treat with a soil insecticide. They also found that farmers considered themselves to 
be the primary information source for all insect management decisions, with local chemical 
dealers a close 2nd. 
Integrated pest management was first advanced by Stem et al. (1959). In 1971, the 
Cooperative Extension Service initiated applications of IPM tactics to manage pest problems 
in crop production (Sisco et al. 1983). Farmer perceptions and rates of adoption of IPM 
concepts were evaluated with surveys. Sisco et al. (1983) found that younger farmers were 
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more likely to be involved in IPM programs and were less likely to use prophylactic 
treatments. Pingel (1991) found similar results in a survey of Iowa farmers and added that 
growers with higher levels of education would adopt an IPM program faster. Grieshop et al. 
(1988) asked California tomato farmers if they had heard of IPM and established a rate of 
adoption an IPM program over a 4-year period. 
Rice and Ostlie (1997) conducted a survey of how farmers and agribusiness 
professionals perceive the risks of European com borers and what management options they 
use or recommend. The survey found that respondents often underestimated the level of 
damage the European corn borer caused, only 35% of farmers scouted their field, and only 
28% had treated their field. The authors suggested many reasons farmers don't manage the 
European corn borer and determined that many farmers and agribusiness professionals 
needed to be educated on the biology, crop damage, and management options for the 
European corn borer. 
Prior to the release of Bt corn for control of the European com borer Pilcher and Rice 
(1998) conducted a survey of farmers perceptions of transgenic com. They found that 
farmers were enthusiastic about Bt com and nearly a fourth surveyed wanted to plant some 
the following year. The survey also identified benefits farmers perceived of Bt com. Over 
two-thirds of farmers felt that reduced insecticide exposure to farmers, potentially better 
yields, and less insecticide in the environment were benefits of Bt com. 
After the release of Bt com for European com borer Pilcher et al. (2002) conducted an 
additional survey tracking the changes of farmers perceptions in 6 states over a 3-year period 
(1996-1998). The acres of com planted to Bt com nearly quadrupled from 1996 to 1998. 
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Farmers reported that they planted Bt com to prevent yield losses due to the pests. Farmers 
also decreased the amount of insecticides to control the European com borer. After the 
release of Bt com, more farmers reported that they were attempting to reduce economic 
damage due to European com borer damage. 
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CHAPTER 2: Fitness of Adult Western Corn Rootworm, Diabrotica virgifera virgifera 
(Coleoptera: Chrysomelidae) Surviving on Cry3Bbl Transgenic Corn 
A paper to be submitted to The Journal of Economic Entomology 
Ted A. Wilson and Jon J. Tollefson 
Department of Entomology, Iowa State University 
Ames, IA 50011 
Abstract: During 2000, 2001, and 2002, flight fitness, fecundity, longevity, pronotum width, 
dry weight, and vitality were measured for adult western com rootworms, Diabrotica 
virgifera virgifera LeConte, surviving on YieldGard Rootworm®, YieldGard Plus®, 
nontransgenic com (Isoline), and com treated with terbufos. Female adults emerging from 
transgenic treatments had the same pronotum width and dry weight as females from terbufos 
and isoline treatments but laid (38-62%) fewer eggs. Transgenic com did not affect 
percentage egg hatch. Longevity of adults was not affected by larval exposure to transgenic 
com. Flight fitness was measured using a tethered flight mill system. Females emerging from 
transgenic com flew similar numbers of flights as females from nontransgenic com. In 2000, 
females from YieldGard Rootworm flew significantly farther sustained flights (5.2 km) than 
females from other treatments (1.6-2.5 km). In 2001, females from YieldGard Rootworm and 
terbufos flew significantly shorter distances (3.2 and 2.6 km, respectively) than females from 
isoline (5.4 km) and YieldGard Plus (5.9 km) treatments. Virgin females from transgenic or 
isoline treatments did not fly sustained flights. Mated females from isoline and transgenic 
treatments flew farther (3.0 and 2.3 km, respectively) than virgin females (0.15-0.22 km) or 
males (0.27-0.55 km). These data show that transgenic com may influence flight fitness but 
14 
western corn rootworm adults emerging from transgenic com are still excellent fliers. These 
results could influence resistance management regulations for these hybrids and be used in 
modeling spread of resistance if it were to develop. 
Introduction 
Monsanto Co. (St. Louis, MO) has received approval for the commercial sale of 
transgenic com (Zea mays L.) modified to produce insecticidal protein (CrySBbl) from the 
soil bacterium Bacillus thuringiensis Berliner (Bt) for control of the western com rootworm 
larvae, Diabrotica virgifera virgifera LeConte; northern com rootworm, D. barberi Smith 
and Lawrence; southern com rootworm, D. undecimpunctata howardi Barber; and Mexican 
com rootworm, D. virgifera zeae Krysan and Smith (EPA 2003). This technology 
significantly reduces the injury that larvae of these species inflict on the roots of com 
(Wilson et al. 2001, 2002). Previous research has shown that 25-100% (unpublished data, 
Monsanto Co.) of western com rootworm larvae survive on this transgenic com. This finding 
indicates that these hybrids produce a lower dose of toxin compared with the transgenic 
hybrids commercially released for control of the European com borer, Ostrinia nubilalis 
(Hiibner). Additionally, the biology of the European com borer is significantly different from 
the com rootworm. A different resistance management strategy, other than the one approved 
for transgenic com for the European com borer, may be needed for this new technology. 
Dispersal is an important aspect of adult com rootworm's life history and ecology 
(Cinereski and Chiang 1968, Hill 1975, Hill and Mayo 1980, Grant and Seevers 1989, Lance 
et al. 1989, Naranjo and Sawyer 1989). Western com rootworms have the ability to travel 
long distances. Between 1955 and 1970, it was estimated that the western com rootworm 
population was colonizing new areas of the eastern Com Belt at a rate of 48 km/year 
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(Luckmann et al. 1974). Coats et al. (1986) found that mated preovipositional female western 
corn rootworm beetles were more likely to engage in long distance flights, suggesting 
females mate before dispersing. Female western com rootworm beetles tethered on a flight 
mill flew up to 39.6 km in a 24-h period (Coats et al. 1986). A comparative study of the flight 
performance of northern and western com rootworm adults by Naranjo (1990) concluded that 
western com rootworms flew for longer periods but had a lower frequency of flights than 
northern com rootworms when tethered to a flight mill. The movement of adults is one of the 
most important factors in the development and spread of resistance. Currently, no studies 
have been published examining the fitness of rootworm adults exposed to Bt Cry3Bbl 
transgenic corns. 
Reduced fitness as measured in fecundity and longevity has been examined for other 
toxins. Mulock and Chandler (2001) determined that adults treated with the 
entomopathogenic fungus Beauveria bassiana Balsamo produced 30% fewer eggs than 
untreated adults. In contrast, Ball and Su (1979) reported that sublethal dosages of carbofuran 
and carbaryl stimulate egg production and greater longevity in western com rootworm adults. 
The objective of this study was to examine the fitness of mated female western com 
rootworm adults that had survived on transgenic com as larvae. Furthermore, fitness was 
quantified by measuring flight activity, fecundity, longevity, vitality, pronotum width, and 
dry weight, of these females. An additional study examined the flight fitness of virgin 
females and males emerging from transgenic com. 
Materials and Methods 
Planting, Experimental Designs, and Treatments. Field experiments were 
conducted during the summers of 2000, 2001, and 2002 to evaluate adult com rootworm 
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emergence, root feeding, and beetle fitness. Monsanto Co. (St. Louis, MO) provided all test 
seed. The experimental design for field experiments was consistent across years; four 
replications in a randomized complete block design with three-row plots, 16.8 m in length 
with 76.2-cm row spacing planted with a four-row John Deere 7100 planter at a rate of 
73,900 seeds per hectare. In 2000 and 2002, fields had been planted as a trap crop (high 
population of corn planted late to attract female beetles for oviposition) the previous year to 
ensure a large population of beetles during the experimental seasons. In 2001, large numbers 
of eggs and adults had been found in the field the previous year. 
Fitness studies were conducted in conjunction with adult emergence and larval root 
feeding. The experimental design for flight fitness experiments was a completely randomized 
design, replicated by individual adult beetle surviving from each treatment. During 2000, 
treatments included Bt transgenic hybrids YieldGard Rootworm® (YGRW) and YieldGard 
Plus® (YGPlus) (a "stack" of YGRW and YieldGard Corn Borer® (YGCB) genes combined 
in one corn hybrid), two nontransgenic hybrids (isolines 1 and 2), and terbufos insecticide 
treatment (Counter®; BASF Co., Research Triangle Park, NC applied in a 17.8-cm T-band at 
planting). Isoline I was from the same parent line as YGRW and seed treated with terbufos, 
and isoline 2 was from the same parent line as YGPlus. The plots were planted at the Iowa 
State University Old Swine field (Story County, Ames, LA). In 2001, treatments included 
YGRW, YGCB, YGPlus, one isoline, and terbufos planted at the Iowa State University 
Johnson farm (Story County, Ames, IA). All treatments were from the same parent line. 
Beetle Collection, Maintenance, and Longevity Experiments. Three (year 2000) or 
five (year 2001) emergence cages designed to capture and hold live adults, were randomly 
placed in the center row of each treatment over single plants cut off at ground level. 
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Emergence cages were modified from Hein et al. (1985) and Chaddha et al. (1993). Adults 
were removed from the cages daily. Number, sex, and species of adults emerging from each 
cage were recorded for western and northern com rootworms. Female western com 
rootworm adults collected on the same day, from the same treatment, were pooled in a single 
oviposition/feeding cage in a growth chamber at 25°C and 75% RH with a photoperiod of 
14:10 (L:D) h. Oviposition/feeding cages were constructed from 1 liter plastic freezer 
containers with ventilation holes cut into the sides and covered with cloth mesh. Beetles were 
provided with water and nontransgenic com silks and ears three times a week. The bottom 
one-third of the container was painted black to encourage oviposition (Naranjo and Sawyer 
1987). The oviposition medium consisted of soil sifted through a 0.17 mm mesh screen 
(Ruesink 1986). This finely sifted soil facilitated retrieval of eggs by sieving. Feral males, 
captured by hand from nontransgenic com, were kept with the females at all times to ensure 
mating. Soil was replaced weekly. Dead adults were recorded and removed when food and 
soil was changed. Longevity was calculated for each female. 
Fecundity and Egg Viability Experiments. The soil from the oviposition containers 
was transferred to plastic bags and ~l-5 ml of distilled water was added to keep the eggs 
moist. The bags of soil and eggs were sealed and held at 7°C for 6 mo to complete diapause. 
Eggs were then removed from the soil by washing through a 0.60 mm screen and counted. 
The number of eggs laid per female for their entire lifetime was recorded. Eggs were 
examined under a compound microscope and evaluated for suitability (i.e. cream-colored, 
shape, or presence of mold) for the hatch experiment. A subsample of 50 eggs from 12 
replications (randomized complete block design) in year 2000 and 10 replications in year 
2001 was placed on Whatman No. 1 filter paper in petri dishes (100 by 15 mm). The filter 
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paper was moistened with distilled water. Six drops of a 1,000 ppm solution of benomyl 
(Benlate 50% AI wettable powder: DuPont, Wilmington, DE) were evenly placed on the 
filter paper to help prevent fungal growth (Oloumi-Sadeghi and Levine 1989, Levine et al. 
1992). Eggs were placed in a growth chamber (25°C and 75% RH) with 24 h of darkness. 
Hatch was recorded five times per week for 6 wk. Larvae and eggs that hatched or were 
moldy were removed. 
Flight Fitness Experiment. An insect flight mill system was used to evaluate flight 
characteristics of western com rootworm adults (Rowley et al. 1968, Coats et al. 1986). 
Fourteen flight mills were placed in a walk-in chamber maintained at a constant temperature 
of 26.7°C and 80% RH. Light was provided by 12 incandescent lamps (40 W)(photoperiod 
of 14:10 [L:D] h) programmed to sequentially turn on in the morning and off in the evening 
at 4-minute intervals to simulate dusk and dawn. Five to 6 d postemergence, zero to five 
females (depending on availability from emergence cages) were randomly selected from each 
of the transgenic, isoline(s), and terbufos treatments for flight fitness experiments. Previous 
studies found that peak flight activity for mated female western com rootworm beetles 
occurred 5 to 6 d postemergence (Coats et al. 1986, Naranjo 1990). The pronotum of each 
adult was attached to an aluminum foil point on the flight-mill arm with sticky wax (Whip 
Mix Corp., Louisville, KY). Beetles were suspended in the flight mills for 24 h. Beginning 
and ending times for each flight were recorded by a Hewlett Packard Vectra VL Series 4 
microcomputer. Software and hardware designs were obtained from Beerwinkle et al. (1995). 
The flight mill measured flights of at least 1 m in length. Flights <20 min were classified as 
trivial, and flights >20 min were classified as sustained (Naranjo 1990). The total number of 
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flights, number of sustained flights, total distance flown, percentage flying a sustained flight, 
and distance of sustained flights were recorded for each female. 
Pronotum Width and Dry Weight Experiments. Beetles flown were removed from 
the flight mill and placed in 70% ethanol. Pronotum width was measured using a M5D Wild, 
(Heerbrugg, Switzerland) microscope with micrometer. Beetles were dried for 24 h at 80°C 
in an oven (Hotpack, Philadelphia, PA). Individual beetle weight was determined using an 
AB104 scale (Mettler-Toledo, Greifensee, Switzerland), accurate to 0.1 mg. 
Flight Fitness of Males and Virgin Females from Trangenic Corn. This 
experiment was conducted in 2002 at the Johnson farm. Plot size, experimental design, 
planting procedures, and equipment were identical to the previous studies. Seed included an 
isoline and YGRW hybrids of similar parental. Five emergence cages were placed over the 
center row of each treatment for a total of 20 emergence cages per treatment. Cages were 
checked daily. Females found with males were assumed to be mated and placed in feeding 
cages with other mated females and feral males. Females from emergence cages with no 
males were assumed to be unmated and were pooled with other virgin females from the same 
treatment and day of emergence. Males from the same day of emergence and treatment were 
pooled and placed in a feeding container. Beetles were held and fed for 5 d in a growth 
chamber (25°C, 75% RH, and a photoperdiod of 14:10 [L:D] h). Beetles were randomly 
selected and flown on the insect flight mill as previously described. Numbers of flights, total 
distance flown, percentage flying a sustained flight, and distance of sustained flights were 
determined for beetles from each treatment. 
Data Analyses. The total number of adults emerging from each cage and the total 
eggs laid per female were transformed using square root to meet the assumptions of the 
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analysis of variance (ANOVA) test. The Tukey-Kramer honestly significant difference 
(HSD) test was used to separate means when a significant difference was detected (P < 0.05). 
The total days beetles lived (adult longevity) and the percentage of hatch for each female 
were not transformed and the data were subjected to ANOVA and means were separated with 
Tukey-Kramer HSD when differences were detected. The residual plots of number of flights 
and distance of flights indicated the data were skewed. Therefore, the number of flights and 
distance flown in all years was transformed (square root) to normalize the data for analysis. 
Residual plots were redrawn and the transformation was concluded to be successful. All data 
were subjected to ANOVA and the Tukey-Kramer HSD test was used to separate means 
when differences were detected. Means and standard errors reported in all tables are 
untrans formed data. 
Results 
Adult Emergence. Number, sex, and species of beetles were recorded for western 
and northern corn rootworms. In 2000 and 2001, significantly more beetles emerged from 
isoline treatments than insecticide and transgenic treatments, whereas in 2002, this difference 
was not significant (Table 1). More females were observed in all treatments in 2000, and 
2001 whereas more males were captured in 2002. Western com rootworms were more 
common than northern com rootworms in all years (Table 1) 
Root Injury. Results from root injury experiments can be found in Wilson et al. 
2001, 2002, 2003). Root injury of isoline treatments was significantly greater than YGRW, 
YGPlus, and terbufos treatments in all years. Isoline treatments averaged one to two nodes 
eaten, terbufos treatments averaged less than 0.2 node eaten, and transgenic treatments 
averaged less than 0.07 nodes eaten over 3 y. 
21 
Fecundity, Longevity, and Percentage Hatch. Beetles emerging from both 
transgenic com treatments laid fewer eggs than beetles from other treatments. In 2000, 
females from YGPlus laid significantly fewer (F = 2.76; df = 4, 457; P = 0.0338) eggs than 
females from the isoline with the same parent line (Table 2). In 2001, females from terbufos, 
YGRW, and YGPlus laid significantly fewer (F = 10.75; df = 4, 457; P < 0.0001) eggs than 
YGCB and the isoline from a similar parent line. There were no significant differences in 
percentage hatch or adult longevity during either year of the experiment. 
Female Flight Fitness. Females from isoline treatments in both years averaged the 
most flights and the furthest distances flown in 24 h on the tethered flight mill (Table 3). 
However, no significant differences in flight numbers (F = 0.62; df = 4, 113; P = 0.6505) or 
distance flown (F = 1.67; df =5, 145; P = 0.1624) were found in the transformed data in 
2000. In 2001, females from the YGCB treatment flew significantly (F = 4.89; df = 4,228; P 
= 0.0008) fewer flights than females from the other treatments. Females from the terbufos 
and YGRW treatments flew significantly (F = 4.41; df = 4, 228; P = 0.0019) shorter 
distances than females from isoline and YGPlus treatments (Table 3). The longest total 
distance flown in 24 h was by a female from the terbufos treatment, which flew 24.3 km. 
Beetles from all treatments flew more sustained flights in 2001 than in 2000 with the 
exception of YGCB, which was not tested in 2000. A beetle from the YGRW treatment flew 
the longest individual flight of 19.98 km. The beetles from terbufos treatment consistently 
flew a low percentage of sustained flights (19 and 20% in 2000 and 2001, respectively). The 
greatest percentage of sustained flights flown were by beetles emerging from YGPlus 
(46.4%) (Table 3). Beetles from YGRW com flew the longest sustained flights in both years. 
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Beetle Size. There were no significant differences (P = 0.05) in the dry weights or 
pronotum width of beetles flown on the flight mill (Table 3). 
Flight of Virgin Females and Males. The "plant type" by "adult flown" interaction 
was not significant of transformed data (square root) for the number of flights (F=0.61; df=2 
P=0.5418) or distance flown (F=0.54; df=2 P=0.5840). Therefore, plant type and adult flown 
were combined as treatments (Table 4). The number of virgin female beetles flown was 
highly dependant on the occurrence of females in an emergence cage without males. Mated 
females from transgenic plants flew the most flights. These beetles flew significantly more (F 
= 4.68; df = 5, 202; P = 0.0005) flights than males from both plant types and virgin females 
from transgenic plants (Table 4). Mated females from isoline and transgenic com flew 
significantly farther (F= 9.63; df = 5, 202; P < 0.0001) than other beetles. Mated females 
from isoline com flew the most sustained flights (25.6%). Very few sustained flights were 
observed in the other treatments (0.0-9.5%). No sustained flights were undertaken by a virgin 
female from either transgenic or isoline (Table 4). Very few males engaged in a sustained 
flight (1.4 and 2.0% of males from isoline and transgenic treatments, respectively). The 
distance of sustained flights of mated females from isoline treatments averaged 1.4 km, 
whereas sustained flights of males was substantially less (<0.6 km). 
Discussion 
These data can help answer questions regarding affects of transgenic plants on 
dispersal and fecundity of western com rootworms and their relationship to a resistance 
management program. The placement of a refuge is an important topic of proposed resistance 
management strategies for com rootworm resistant transgenic com. In the current study, 
beetles exposed to transgenic plants are capable of flying similar distances and numbers of 
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flights as beetles from nontransgenic corn. However, beetles from YGRW flew significantly 
shorter distances (year 2001) than beetles from isoline corn, but still averaged >2 km flown 
in a 24-h period. Beetles from YGRW averaged longer sustained flights in years 2000 and 
2001 but were less likely to engage in sustained flights. Based on these results it can be 
concluded that females emerging from transgenic com are just as capable of flying between a 
refuge and transgenic field (within 0.8 km), as females emerging from non-transgenic com. 
However, the utility of a refuge for transgenic com for com rootworm also needs to take into 
account other biological aspects of the rootworms life cycle. 
Mating behavior and adult emergence (protandry) may exclude a refuge 0.4 to 0.8 km 
from the transgenic field in favor of a plan that places the refuge adjacent or within the field 
(Branson 1987). Males tend to emerge first and not engage in sustained flights, making it 
more likely that they would mate with females from the same field. Mated, preovipositional 
females engaged in the most sustained flights. Therefore, it is likely that a female emerging 
in a field planted solely with transgenic com is likely to mate with a male from that same 
field. Once mated, females were more inclined to make flights of longer duration that would 
carry them out of the field from where they emerged, which could increase the spread of 
resistance genes. 
It may not be advisable to treat the refuge with an insecticide. Beetles surviving the 
insecticide treatment were 10-25% less likely to fly sustained flights. However, growers may 
be hesitant to not treat a continuous com field that is not planted with transgenic com. 
It is possible beetles surviving and emerging in a transgenic field may have a difficult 
time finding a mate due to the increased larval mortality. Therefore, flight of males and 
mated and unmated females were examined. Our results show that males from transgenic 
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com flew twice (0.55 km) as far as male beetles from nontransgenic corn (0.27 km) and flew 
three times as many flights. This finding may indicate that these male beetles are more 
"agitated" and willing to fly farther and more often than male beetles from nontransgenic 
com. Males from both treatments took very few sustained flights. In this study, no virgin 
females flew a sustained flight. Additionally, they flew the shortest distances and had very 
few numbers of flights. These results coincide with those of Coats et al. (1987). They found 
that the presence of juvenile hormone in the female is closely linked to increased flight 
activity. Virgin females have less of this hormone and are less likely to engage in flight 
activity. Therefore, it may be less likely that virgin females will leave the field they emerged 
from via a sustained flight. These data combined with the reduced flight of males indicates 
that a refuge should be located adjacent or within a transgenic field. 
There were no apparent differences in size or weight of female beetles, but there were 
fewer eggs laid by beetles from transgenic com and, to a lesser degree, beetles from com 
treated with terbufos. This finding indicates reduced egg laying is not due to smaller females 
being produced from transgenic and terbufos treatments but to other nonlethal factors. 
Reduced egg laying of females from transgenic com may have a suppressive impact on the 
spread of resistance. 
These results may provide insight into resistance management and might be used in 
modeling the spread of resistance to transgenic varieties. Our methods for assessing flight 
fitness are conducted in a controlled environment and evaluate the beetles ability to actively 
fly on a flight mill. Other researchers have reported that passive dispersal via storm fronts or 
strong winds is also an important factor in the long ranged movement and dispersal of 
Diabrotica spp. (Ruppel 1975, Grant and Seevers 1989). It is possible beetles not engaging in 
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a sustained flight, as defined by this research, could travel long distances by passive 
dispersal. 
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Table 1. The average number of beetles emerging from corn plants cut off at ground 
level and covered with an emergence cage (Mean ± SE) 
Male Female Male Female 
Year Treatment2 Westerns" Westerns" Northerns" Northerns" Total" 
2000 Isoline1 6.4 ± 1.2a 33.5 ± 5.0a 0.8 ± 0.3a 2.0 ± 0.5a 42.7 ± 5.8a 
2000 Isoline2 6.3 ± 1.9ab 34.0 ± 8.6ab 0.3 ±0.1 ab 1.8 ± 0.5ab 42.3 ± 10.4ab 
2000 Terbufos1 2.2 ± 0.4b 14.1 ±2.3bc 0.3 ± 0.2ab 0.5 ± 0.2b 17.0 ± 2.6c 
2000 YGRW1 0.2 ± 0.1c 10.6 ± 2.8c 0.0 ± 0.0b 0.7 ± 0.3ab 11.4 ± 2.7c 
2000 YGPlus2 0.4 ± 0.2c 18.5 ± 3.6abc 0.0 ± 0.0b 1.4 ± 0.3ab 20.3 ± 3.5bc 
n = 12 P < 0.0001 P =0.0001 P =0.0132 P =0.0291 P <0.0001 
2001 Isoline3 36.9 ± 4.8a 94.3 ± 10.0a 3.5 ± 0.3a 7.6 ± 1.0a 142.3 ± 14.5a 
2001 YGCB3 24.3 ± 1.4b 73.1 ±7.2ab 3.1 ±0.2ab 7.1 ± 0.5ab 107.5 ±8.7ab 
2001 Terbufos3 14.2 ± 1.6c 50.3 ± 3.8bc 1.9 ± 0.4bc 8.0 ± 1.1a 74.3 ± 4.8c 
2001 YGRW3 12.6 ± 1.4dc 64.7 ± 7.2b 0.9 ± 0.2c 4.2 ± 0.5ab 82.3 ± 8.7bc 
2001 YGPlus3 8.2 ± 1.5d 37.7 ± 6.3c 1.1 ± 0.3c 4.4 ± 0.7b 51.4 ± 8.0d 
n = 20 P <0.0001 P <0.0001 P <0.0001 P = 0.0089 P < 0.0001 
2002 Isoline4 32.4 ± 3.4a 9.6 ± 1.4a 2.2 ± 0.5a 1.3 ± 0.2a 45.4 ± 4.6a 
2002 YGRW4 29.4 ± 3.8a 12.3 ± 1.9a 2.5 ± 0.4a 1.4 ± 0.2a 45.6 ± 5.5a 
n = 20 P = 0.2782 P = 0.0540 P =0.8412 P = 0.9608 P =0.1936 
"Treatments followed by the same number are from similar parent lines. 
"Means within the column and year followed by the same letter are not significantly different 
(P < 0.05) using ANOVA and Tukey's HSD test on transformed (square root) data. 
30 
Table 2. Mean eggs laid per female, longevity, and percent hatch of female western 
corn rootworm beetles captured from isoline, insecticide, or transgenic treatments 
(Mean ± SE) 
Year Treatment1 n 
Eggs per 
Femaleb 
Female 
Longevity (days/ n % Hatch0 
2000 Isoline1 16 201.0 ±24.0ab 62.1 ±2.0 12 85.1 ±6.1 
2000 Isoline2 16 288.8 ± 65.6a 66.0 ± 1.8 12 82.8 ± 8.0 
2000 Terbufos1 16 175.4 ± 28.3b 60.9 ±3.1 12 79.5 ± 4.0 
2000 YGRW1 16 124.3 ± 29.3b 59.7 ±3.1 12 86.3 ±3.1 
2000 YGPlus2 16 123.9 ± 27.1b 60.5 ±3.5 12 78.3 ± 3.2 
P =0.0338 P =0.4013 P = 0.7827 
2001 Isoline3 10 302.5 ± 39.0a 67.1 ±2.9 10 69.7 ± 8.0 
2001 YGCB3 10 275.6 ± 28.5a 64.8 ± 2.5 10 77.6 ±3.1 
2001 Terbufos3 10 177.1 ± 22.9b 65.3 ±2.7 10 80.9 ± 5.6 
2001 YGRW3 10 131.8 ± 17.2b 63.2 ± 2.2 10 72.3 ± 7.2 
2001 YGPlus3 10 112.1 ± 12.2b 64.8 ±2.1 10 74.0 ± 8.3 
P <0.0001 P =0.8746 P =0.7850 
"Treatments followed by the same number are from similar parent lines. 
bMeans within the column and year followed by the same letter are not significantly 
different (P < 0.05) using ANOVA and Tukey's HSD test on transformed (square root) 
data. 
cMeans within the column and year are not significantly different (P < 0.05) using 
ANOVA on untransformed data. 
Table 3. Flight characteristics, dry weight, and pronotum width of female western corn rootworm beetles captured from 
isoline, insecticide, or transgenic treatments (Mean ± SE) 
% Sustained Dist. of Sustained Dry Pronotum 
Year Treatment" n No. of Flights^ Distance (km)b Flight n Flights (km)c n Weight (mg)c Width (mm)c 
2000 Isoline1 35 124.5 ± 16.0a 4.5 ± 0.7a 37.1 20 2.51 ± 0.4b 18 3.3 ± 0.2a 1.45 ± 0.03a 
2000 Isoline2 27 101.1 ± 10.8a 3.4 ± 0.8a 37.0 15 1.97± 0.3b 15 3.2 ± 0.3a 1.44 ± 0.02a 
2000 Terbufos1 21 107.0 ± 17.9a 2.5 ± 0.5a 19.0 8 1.60 ± 0.2b 17 3.3 ± 0.2a 1.47 ± 0.02a 
2000 YGRW1 13 83.6 ± 18.7a 2.3 ± 0.9a 15.4 3 5.20 ± 1.2a 10 3.2 ± 0.2a 1.48 ± 0.02a 
2000 YGPlus2 22 98.0 ± 13.6a 2.2 ± 0.6a 31.8 8 1.67 ± 0.4b 12 3.5 ± 0.3a 1.46 ± 0.02a 
P = 0.6505 P - 0.1624 P = 0.0052 P = 0.8906 P =0.3129 
2001 Isoline3 44 162.0 ± 36.5a 5.4 ± 0.9ab 38.6 17 2.66 ± 0.8a 36 3.2 ± 0.1a 1.47 ± 0.02a 
2001 YGCB3 45 76.9 ± 15.7b 3.8 ± 0.7bc 40.0 20 1.50 ± 0.4a 35 3.2 ± 0.2a 1.46 ± 0.01a 
2001 Terbufos3 40 131.6 ± 22.5a 2.6 ± 0.7c 20.0 19 2.98 ± 1.4a 38 3.1 ± 0.1a 1.51 ± 0.02a 
2001 YGRW3 48 128.6 ± 17.4a 3.2 ± 0.7c 33.3 10 3.40 ± 1.0a 36 2.9 ± 0.1a 1.47 ± 0.01a 
2001 YGPlus3 56 143.8 ± 13.28a 5.9 ± 0.7a 46.4 46 2.95 ± 0.5a 35 3.0 ± 0.2a 1.45 ± 0.01a 
P = 0.0063 P =0.0019 P =0.4713 P =0.5782 P = 0.0700 
"Treatments followed by the same number are from similar parent lines. 
hMeans within the column and year followed by the same letter are not significantly different (P< 0.05) using ANOVA 
and Tukey's HSD test on transformed (square root) data. 
'Means within the column and year followed by the same letter are not significantly different (P< 0.05) using ANOVA 
and Tukey's HSD test on untransformed data. 
Table 4. Flight characteristics of male and mated or virgin female western com rootwomis captured 
from YieldGard Rootworm (YGRW) or isoline com hybrids in 2002 (Mean ± SE) 
% Sustained Dist. of Sustained 
Plant Type Adults flown n No. of Flights8 Distance (Km)' Flight n Flights (Km)b 
Isoline Mated females 43 144.2 ±21.3ab 3.00 ± 0.7a 25.6 15 1.40 ± 0.2a 
Isoline Virgin Females 9 75.8 ± 42.5ab 0.22 ± 0.1b 0.0 0 
Isoline Males 71 41.5 ± 11.2b 0.27 ± 0.1b 1.4 1 0.35a 
YGRW Mated females 21 260.6 ± 123.7a 2.30 ± 0.7a 9.5 2 0.20 ± 0.02a 
YGRW Virgin Females 14 32.5 ± 15.8b 0.15 ± 0.1b 0.0 0 
YGRW Males 50 120.7 ±57.lab 0.55 ± 0.2b 2.0 1 0.54a 
P = 0.0005 P <0.0001 P =0.1919 
"Means within the column and year followed by the same letter are not significantly different (P< 0.05) 
using ANOVA and Tukey's HSD test on transformed (square root) data. 
hMeans within the column and year followed by the same letter are not significantly different (P< 0.05) 
using ANOVA and Tukey's HSD test on untransformed data. 
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CHAPTER 3: Dispersal and Fitness of Female Western Corn Rootworms, Diabrotica 
virgifera virgifera LeConte, Exposed to the Leaves and Silks of Transgenic, 
Bacillus thuringiensis (Cry3Bb) Corn Plants 
A paper to be submitted to The Journal of Economic Entomology 
Ted A. Wilson and Jon J. Tollefson 
Department of Entomology, Iowa State University 
Ames, LA 50011 
Abstract: In 2000 and 2001, the flight fitness, mortality, fecundity, and longevity of female 
western corn rootworms, Diabrotica virgifera virgifera LeConte, surviving on the leaves or 
silks of transgenic (.Bacillus thuringiensis Cry3Bbl) or nontransgenic corn (Zea mays L.) 
planted in the field and greenhouse were measured. Flight fitness was measured using a 
tethered flight mill system. Beetles exposed to leaves or silks of transgenic plants did not fly 
significantly different number of flights or distances than beetles exposed to nontransgenic 
plants. Beetles exposed to silks flew farther and were more likely to fly sustained flights than 
beetles exposed to leaves of transgenic and nontransgenic plants. Beetles caged on leaves of 
transgenic plants for 5 days had higher mortality, consumed less leaf area, and laid fewer 
eggs than beetles caged on leaves of nontransgenic plants. Very little mortality occurred in 
beetles exposed to the silks of transgenic plants. Exposure to silks of transgenic plants did not 
affect egg laying or adult longevity. It is not clear, based on this research, if increased 
mortality from exposure to leaves of transgenic plants was due to lethal effects of the toxin, 
repellency causing beetles not to feed, or reduced nutritional quality of the transgenic plants. 
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Introduction 
Both the adult and larval stages of the western com rootworm, Diabrotica virgifera 
virgifera LeConte, feed on corn (Zea mays L.). The larvae feed on the roots and cause 
physiological and structural stress to the plant, often resulting in economic losses (Chiang 
1973, Reidell and Kim 1990). Adults of the western com rootworm feed on pollen, tassels, 
leaves, and silks of com. Early season feeding by adults occurs on the leaves of com plants. 
Beetles then move to the silks and tassels when they appear. Later in the season, beetles 
move to younger more succulent "volunteer" com plants or late planted fields (Ball 1957). 
Economic injury can occur if large numbers of adults clip the silks of the com plants 
resulting in reduced pollination. 
Monsanto Co. (St. Louis, MO) has received approval for the commercial sale of 
transgenic com modified to produce insecticidal proteins (Cry3Bbl) from the soil bacterium 
Bacillus thuringiensis Berliner (Bt) (EPA 2000). These transgenic corns are designed to 
control the com rootworm larvae (Federal Register 2002). This Bt com protects the roots 
from larval feeding, however, the insecticidal proteins are present throughout the plant. 
Mortality tests with purified Bt protein does not cause increased adult mortality (Monsanto 
Co. personal communication). However, studies have not been published examining adult 
exposure to leaves or silks of transgenic plants. The presence of toxins in the leaves or silks 
of plants fed upon by adult western com rootworms could influence their fitness and 
dispersal. Western com rootworm dispersal is related to the quality of food present in the 
field (Ball 1957). Because adults feed on leaves, silks, and tassels it is possible there may be 
reduced fitness or behavioral responses due to the presence of the Bt proteins in these plant 
tissues. 
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The objectives of this study were to determine if exposure of western corn rootworm 
adults to leaves and silks of corn plants expressing the Bt toxin Cry3Bbl throughout the plant 
affected: (1) mortality, (2) longevity, (3) fecundity, (4) fertility, and (5) dispersal using a 
tethered flight mill. 
Materials and Methods 
Field Study 
Planting and Treatments. Field experiments were conducted during the summers of 2000 
and 2001. Monsanto Co. (St. Louis, Missouri) provided all test seed. During 2000, treatments 
included Bt transgenic hybrids YieldGard Rootworm® (YGRW) and YieldGard Plus® 
(YGPlus)(a "stack" of YGRW and YieldGard Corn Borer® (YGCB) genes combined in one 
corn hybrid) and 2 nontransgenic hybrids (isolines 1 and 2). Isoline 1 was from the same 
parent line as YGRW and isoline 2 was from the same parent line as YGPlus. The 
experiment was conducted at the Old Swine field in Story County, Ames IA. In 2001, 
treatments included YGRW, YGCB, YGPlus, and one isoline planted at the Johnson farm in 
Story County, Ames IA. All treatments were from the same parent line. The planting design 
for field experiments was consistent across years, 4 replications in a randomized complete 
block design with 3-row plots planted at 29,900 seeds/acre with a John Deer 7100 planter. 
Both fields had been planted as a trap crop (high population of com planted late to attract 
beetle oviposition) the previous year to ensure a large population of beetles during the 
experimental seasons. During both years, fields were bordered by 4 rows of nontransgenic 
com. 
Beetle Collection and Adult Exposure to Leaves and Silks. Fifty emergence cages 
designed to capture and hold live beetles were randomly placed in the center two rows of the 
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4 border rows surrounding the plot. Emergence cages were modified from Hein et al. (1985) 
and Chaddha et al. (1993). Beetles were removed from the cages daily. Male and female 
western corn rootworm beetles collected on the same day were divided into 4 equal lots with 
at least 5 males and 5 females, but no more than 10 males and 10 females. When silks were 
present on the ears, each set of beetles on the same day of emergence was placed in a mesh 
bag (25 cm x 16 cm) (NO-SEE-UM netting, Balsom Hercules Group, Providence, RI), which 
was secured over the emerging silks and distal half of the ear with cable ties (Avery 
Dennison, Fitchburg, MA). When silks were not present beetles were caged over the leaves 
(10th -13th leaf node) with mesh bags (75 cm x 35 cm) secured to the stalk of the plant with 2-
3 cable ties. Plants were confirmed to be transgenic by using GeneCheck P3 Lab Test Kits 
provided by Monsanto Co. Beetles remained on the leaves or silks for 5 days and were not 
provided additional food or water. The percent surviving was calculated for each treatment. 
The amount of leaf feeding was determined using a LI-3100 area meter (LI-COR Lincoln, 
Nebraska). Length of silks before and after beetles were caged on them was recorded. 
Adult Longevity and Fecundity Experiments. At the end of 5 days, surviving beetles were 
placed in 1 qt plastic freezer containers with ventilation holes cut into the sides and covered 
with cloth mesh. Beetles were provided with water and nontransgenic corn silks and ears 
three times a week. The bottom 1/3 of the container was painted black to help encourage 
oviposition (Naranjo and Sawyer 1987). The oviposition medium consisted of soil sifted 
through a 0.17mm-mesh screen (personal communication: Chad Nielsen, USDA-ARS, 
Brookings, SD). This fine soil allowed for easy retrieval of eggs. Soil was replaced weekly. 
Dead beetles were recorded and removed when food and soil were changed. Feral males 
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captured by hand from nontransgenic com were added to the containers as necessary to 
ensure mating. Longevity and numbers of eggs laid were calculated for each female. 
Greenhouse Study 
Planting and Treatments. Greenhouse studies were conducted during the winters of 2000-
2001 and 2001-2002. Hybrids were the same as the ones used in each year of the field 
experiments. Once a week, three seeds of each treatment were planted in 5-gallon buckets 
filled with Sunshine Mix 1 (Sun Gro Horticulture Inc., Bellevue, Washington). At the three-
leaf stage plants were confirmed to be transgenic with GeneCheck P3 Lab Test Kits and the 
two smallest plants were removed (Ritchie et al. 1992). 
Beetle Collection and Adult Exposure to Leaves and Silks. The Northern Grain Insects 
Research Laboratory, USDA-ARS in Brookings, South Dakota, provided diapausing western 
com rootworm larvae. Third stage larvae were shipped via overnight delivery. Larvae were 
allowed to pupate in an empty 5-gallon bucket. Adults were removed with a hand aspirator. 
Exposure to leaves and silks was identical to the field studies on plants of similar maturity. 
Adult Longevity and Fecundity Experiments. Longevity and egg laying of surviving 
beetles was determined in the same manner as the field studies except an artificial diet 
(Northern Grain Insects Research Laboratory, USDA-ARS in Brookings, South Dakota) was 
used for beetle maintenance instead of leaves and silks. 
Flight Fitness Experiment 
An insect flight mill system was used to evaluate flight characteristics of the female 
beetles in both the field and greenhouse studies (Rowley et al. 1968, Coats et al. 1986). 
Fourteen flight mills were placed in a walk-in rearing chamber maintained at a constant 
temperature of 26.7°C and 80% R.H. Light was provided by 12 incandescent lamps (40 
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watt)(14L: 10D) programmed to sequentially turn oil in the morning and off in the evening at 
4-minute intervals to simulate dusk and dawn. 
The experimental design was a completely randomized design replicated by beetle. 
Four to 5 females were randomly selected from each treatment after the 5 day exposure to 
leaves or silks. The pronotum of each beetle was attached to an aluminum foil point on the 
metal flight mill arms with sticky wax (Whip Mix Corp., Louisville, KY). Beetles were 
suspended in the flight mills for 24-hours. Beginning and ending times for each flight were 
recorded by a Hewlett Packard Vectra VL Series 4 microcomputer. Software and hardware 
designs were obtained from Beerwinkle et al. (1995). The flight mill measured flights of at 
least 1 meter in length. Flights < 20 min. were classified as trivial, and flights > 20 minutes 
were classified as sustained (Naranjo 1990). The total number of flights, number of sustained 
flights, total distance flown, percent flying a sustained flight, and distance of sustained flights 
were recorded for each female. 
Data Analyses. The residual plots of number of flights and distance of flights 
indicated the data were skewed. Therefore, the number of flights and distance flown in all 
years was transformed (square root) to normalize the data for analysis. Residual plots were 
redrawn and the transformation was concluded to be successful. All data were subjected to 
ANOVA and the Tukey-Kramer HSD test was used to separate means when differences were 
detected. Percent mortality data were arc sine transformed. Nontrans formed means, standard 
errors, and percentages are presented in the tables. 
Results 
The location (greenhouse and field) by treatment interaction for the experiments in 
both years was tested using ANOVA (SAS 1999). The location*treatment was not significant 
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for flight data, longevity, egg laying, mortality, or feeding. Therefore, greenhouse data and 
field data were combined within each year. 
Mortality and Plant Feeding. Nearly half of the beetles exposed to the leaves of transgenic 
corn died. There was significantly more mortality of beetles caged on leaves of YGRW and 
YGPlus in both years as compared to beetles caged on leaves of isoline (Table 1). 
Significantly less leaf feeding occurred on YGRW and YGPlus treatments than on isoline 1 
and 2 treatments in 2000 and isoline 3 in 2001 (Table 1). Very little mortality occurred of 
beetles caged on silks, with no significant differences between treatments in either year 
(Table 2). Silk feeding was extensive regardless of treatment. The majority of silks were 
clipped to the ear tip in all treatments. 
Fecundity and Longevity. Females exposed to the leaves of YGRW and YGPlus in both 
years laid fewer eggs; these differences were significant for YGRW in 2000 and 2001 and 
YGPlus in 2001 (Table 3). No significant differences were observed in egg laying of beetles 
exposed to silks of transgenic and nontransgenic com in either year (Table 4). There were no 
significant differences in longevity of beetles exposed silks or leaves in either year (Tables 3 
& 4). 
Female Flight Fitness. The variability of flight fitness (number of flights or distance flown) 
was high between beetles regardless of year or exposure to leaf or silk tissue. There were no 
significant differences in the numbers of flights and total distances flown by beetles exposed 
to leaves of transgenic versus nontransgenic plants in 2000 and 2001 (Table 5). In 2000, 
beetles exposed to the leaves of YGPlus flew the fewest number of flights (79.1 ± 12.6) but 
flew the farthest distances (1792.0 ± 549.7 m). The percentage of sustained flights was not 
different between treatments, but beetles from YGPlus flew longer sustained flights as 
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compared to beetles from the other treatments (Table 5). This difference was not significant 
at the 0.05 level. 
In 2001, beetles exposed to YGPlus again flew the fewest number of flights but also 
flew the shortest total distances and had the shortest sustained flights. Beetles from isoline 
and YGCB flew more flights, flew farther, and had longer sustained flights than beetles 
exposed to leaves of YGRW and YGCB. There was only 1 sustained flight observed of 
beetles exposed to leaves of YGPlus in 2001 (Table 5). 
There were no significant differences among numbers of flights and total distances 
flown by beetles exposed to silks of transgenic or nontransgenic plants in 2000 and 2001 
(Table 6). Additionally, in both years the distance of sustained flights was not significantly 
different between treatments of beetles exposed to silks (Table 6). Beetles exposed to silks 
flew farther than beetles exposed to leaves. They also had a higher percentage of sustained 
flights and longer sustained flights than beetles exposed to leaves. 
Discussion 
Newly emerged beetles, given no choice but leaves of transgenic plants as a food 
source for 5 days, have increased mortality as compared to beetles held on leaves of 
nontransgenic plants. This mortality may be due to a direct toxic effect of the insecticidal 
protein. However, Monsanto Co. has reported that there is no mortality of adult beetles 
exposed to the purified Bt protein. It is likely the increased mortality in this study may be due 
to the beetles choosing not to consume the leaves. This implies they may be able to detect the 
protein in the leaves. However, there is no data in this study to support this theory. There is 
decreased leaf feeding on the transgenic plants but it is not known if the beetles consumed 
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less because they had died due to the insecticidal protein or because they chose not to eat 
which later resulted in their death. 
Beetles, regardless of treatment, flew shorter distances and took fewer sustained 
flights when caged on leaves as compared to beetles caged on silks. Beetles emerging or 
moving into a transgenic field before silk emergence or after the silks have dried may be less 
likely to leave the transgenic field, and have increased mortality and decreased egg laying if 
forced to feed on the leaves of the com. Additional research should be done in larger block 
plantings of genetically modified corn to determine if unrestrained beetles exposed to the 
leaves of transgenic plants produce similar results. 
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Table 1. Percent mortality and amount of leaf feeding of adult beetles caged 
on the leaves of transgenic and nontransgenic plants for 5 days (Mean ± SE) 
Year Treatment1 n Mortality (%)b 
Leaf Feeding 
(cm')' 
2000 Isoline1 16 17.0 ± 3.5b 45.8 ± 3.4a 
2000 Isoline" 16 23.1 ±6. lb 52.0 ± 5.6a 
2000 YGRW1 16 41.0 ± 8.0a 19.0 ± 3.7b 
2000 YGPIus2 16 53.9 ± 4.1a 14.0 ± 1.9b 
P <0.0001 P <0.0001 
2001 Isoline3 15 26.6 ± 4.7b 34.8 ± 7.2a 
2001 YGCB3 15 33.1 ±7.9ab 33.8 ± 7.3ab 
2001 YGRW3 15 55.0 ± 7.4a 17.7 ±3. lab 
2001 YGPIus3 15 48.9 ± 8.7a 18.4 ± 3.7b 
P =0.0312 P = 0.0005 
"Treatments followed by the same number are from similar parent lines. 
bMeans within the column and year followed by the same letter are not significantly 
different (P < 0.05) using ANOVA and Tukey's HSD test on transformed (arcsine) data. 
cMeans within the column and year followed by the same letter are not significantly 
different (P < 0.05) using ANOVA and Tukey's HSD test. 
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A 
Table 2. Percent mortality of adult beetles caged 
on the silks of transgenic and nontransgenic plants 
for 5 days (Mean ± SE) 
Year Treatment3 n Mortality (%)b 
2000 Isoline' 11 8.9 ±3.1 
2000 Isoline2 11 7.4 ±3.2 
2000 YGRW1 11 6.4 ± 1.5 
2000 YGPIus2 11 8.9 ±2.8 
P = 0.4362 
2001 Isoline3 15 7.9 ± 2.6 
2001 YGCB3 15 5.3 ± 1.4 
2001 YGRW3 15 6.4 ±2.1 
2001 YGPIus3 15 6.8 ±2.3 
P = 0.4235 
"Treatments followed by the same number are from 
similar parent lines. 
bMeans within the column and year followed by the 
same letter are not significantly different (P < 0.05) 
using ANOVA and Tukey's HSD test on transformed 
(arcsine) data. 
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Table 3. Mean eggs laid per female and longevity of female 
western corn rootworm beetles caged on leaves of transgenic 
and nontransgenic plants for 5 days (Mean ± SE) 
Year Treatment" n 
Eggs per 
Female15 
Female 
Longevity (days)' 
2000 Isoline1 12 203.5 ± 45.8ab 73.1 ± 1.9 
2000 Isoline2 12 287.7 ± 41.1a 72.0 ±3.4 
2000 YGRW1 12 86.8 ± 19.7b 67.4 ±3.7 
2000 YGPIus2 12 68.7 ± 21.6b 
P = 0.0039 
73.4 ±4.2 
P = 0.3866 
2001 Isoline3 15 298.9 ± 39.2a 63.9 ± 2.3 
2001 YGCB3 15 278.2 ± 37.4a 59.8 ± 2.5 
2001 YGRW3 15 127.7 ± 17.0b 58.7 ±4.0 
2001 YGPIus3 15 150.1 ±20. lb 
P =0.0051 
56.4 ±2.8 
P =0.0617 
"Treatments followed by the same number are from similar parent lines. 
bMeans within the column and year followed by the same letter are not 
significantly different (P < 0.05) using ANOVA and Tukey's HSD test 
on transformed (SQRT) data. 
'Means within the column and year are not significantly different 
(P < 0.05) using ANOVA. 
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Table 4. Mean eggs laid per female and longevity of female western corn 
rootworm beetles caged on silks of transgenic and nontransgenic plants 
for 5 days (Mean ± SE) 
Year Treatment3 n 
Eggs per 
Female13 
Female 
Longevity (days)' 
2000 Isoline1 9 213.2 ±24.2 69.1 ± 1.9 
2000 Isoline2 9 204.2 ± 23.3 65.4 ± 2.4 
2000 YGRW1 9 170.8 ±25.0 66.8 ± 2.4 
2000 YGPIus2 9 152.8 ±22.0 67.8 ± 2.6 
P =0.1004 P =0.7201 
2001 Isoline3 12 256.0 ±39.9 66.9 ± 2.5 
2001 YGCB3 12 315.3 ±37.9 64.6 ± 2.4 
2001 YGRW3 12 252.1 ±36.7 60.8 ± 2.4 
2001 YGPIus3 12 199.6 ±23.9 64.5 ± 2.5 
P =0.0680 P =0.2412 
^Treatments followed by the same number are from similar parent lines. 
bMeans within the column and year followed by the same letter are not 
significantly different (.P < 0.05) using ANOVA and Tukey's HSD test 
on transformed (SQRT) data. 
'Means within the column and year are not significantly different 
(P < 0.05) using ANOVA. 
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Table 5. Flight characteristics of female western com rootworm beetles caged on 
leaves of transgenc or nontransgenic plants for 5 days (Mean ± SE) 
% Sustained Dist. of Sustained 
Year Treatment2 n No. of Flights^ Distance (m)b Flight n Flights (m)c 
2000 Isoline1 14 114.7 ±24.0 957.1 ± 170.9 14.3% 2 721.5 ± 1.5 
2000 Isoline2 15 93.5 ± 17.3 853.9 ±281.3 13.3% 4 896.0 ±207.1 
2000 YGRW1 12 154.1 ±53.6 862.4 ± 118.2 16.7% 2 794.5 ± 273.5 
2000 YGPIus2 12 79.1 ± 12.6 1792.0 ±549.7 16.7% 3 2175.0 ± 534.0 
P = 0.6076 P = 0.0866 P = 0.0616 
2001 Isoline3 21 147.6 ±31.1 1277.3 ±356.7 19.0% 4 1458.9 ±473.4 
2001 YGCB3 18 109.3 ±31.3 1331.7 ±387.1 16.7% 3 1518.7 ±650.1 
2001 YGRW3 14 101.4 ±22.5 918.9 ± 159.1 14.3% 2 729.1 ±20.6 
2001 YGPIus3 14 99.2 ± 16.7 834.9 ± 117.0 7.1% 1 338.1 
P = 0.5796 P =0.8391 P =0.5998 
'Treatments followed by the same number are from similar parent lines. 
bMeans within the column and year followed are not significantly different (P < 0.05) 
using ANOVA on transformed (square root) data. 
'Means within the column and year are not significantly different (P < 0.05) using 
ANOVA on untransformed data. 
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Table 6. Flight characteristics of female western corn rootworm beetles caged on 
silks of transgenc or nontransgenic plants for 5 days (Mean ± SE) 
Year Treatment3 n No. of Flights'1 Distance (m)b 
% Sustained 
Flight n 
Dist. of Sustained 
Flights (m)c 
2000 Isoline1 22 140.7 ± 35.7 3493.9 ±936.1 27.3% 10 2691.0 ±746.6 
2000 Isoline2 21 129.9 ±31.2 2167.1 ±392.1 19.0% 8 1396.1 ±274.8 
2000 YGRW1 19 118.3 ±25.6 3700.9 ± 1110.9 36.8% 14 1770.6 ±226.9 
2000 YGPIus2 22 133.1 ± 17.0 2602.1 ±556.2 31.8% 8 1928.4 ±414.9 
P = 0.9603 P = 0.6347 P = 0.2675 
2001 Isoline3 12 89.2 ± 15.1 3449.1 ± 1493.1 33.3% 4 2518.1 ± 157.9 
2001 YGCB3 15 123.7 ±41.1 2906.1 ± 1035.8 26.7% 4 2566.4 ± 1587.2 
2001 YGRW3 14 144.6 ± 40.8 3143.1 ±792.2 21.4% 6 1266.8 ± 250.8 
2001 YGPIus3 17 135.9 ±31.68 3306.0 ± 1097.9 23.5% 4 3444.2 ± 1129.3 
P =0.7809 P = 0.9437 P =0.3513 
'Treatments followed by the same number are from similar parent lines. 
bMeans within the column and year followed are not significantly different (P < 0.05) using 
ANOVA on transformed (square root) data. 
'Means within the column and year are not significantly different (P < 0.05) using ANOVA 
on untransformed data. 
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CHAPTER 4. Transgenic Corn for Control of the 
European Corn Borer and Corn Rootworms: 
A Survey of Midwestern Farmer Practices and Perceptions 
A paper to be submitted to American Entomologist or Journal of Economic Entomology 
Ted A. Wilson, Marlin E. Rice, and Jon J. Tollefson 
Department of Entomology, Iowa State University 
Ames, LA 50011 
Abstract: In 2001, surveys were sent to farmers in Illinois, Indiana, Iowa, Minnesota, and 
Nebraska to evaluate their perceptions of transgenic com designed to control the European 
com borer, Ostrinia nubilialis (Hiibner) and com rootworms, Diabrotica spp. A self-
administered questionnaire was sent to 1,000 com farmers in each of the five states; 1,313 
surveys (26.2%) were returned. Farmers with small acreages planted a greater percentage of 
their com (54.5%) with transgenic com for control of European com borer than farmers with 
large farms (39.2%). When asked if they would plant transgenic com protected again the 
com rootworm, 35.0% responded they would while 40.5% said they were unsure. The two 
biggest concerns farmers had of transgenic com was the ability to sell harvested grain 
(59.3%) and additional technology fees (54.8%). Farmers felt that less insecticide in the 
environment (68.5%) and less insecticide exposure to farmers (69.9%) were significant 
benefits of transgenic com. Farmers who had no concerns with transgenic com for rootworm 
control were more likely to purchase it (46.8%). The most common refuge-planting options 
farmers favored were adjacent fields (30.9%) and split fields (29.9%). These data can help in 
understanding farmers' knowledge and concerns regarding transgenic com and guide 
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researchers, extension specialists and policy makers in designing resistance management and 
integrated pest management programs. 
Introduction 
Western corn rootworm, Diabrotica virgifera virgifera LeConte, and northern corn 
rootworm, D. barberi Smith and Lawrence, are among the most economically important 
insect pests of com (Zea mays L.) (Metcalf 1986). These species of Coleoptera injure com 
plants as larvae by feeding on root tissue, which causes physiological and structural stress 
(Levine and Oloumi-Sadeghi 1991). Yield losses can be attributed to reduced kernel size and 
number, and difficulty in harvesting due to lodged or fallen com plants. Adults of these 
species also feed on tassels silks (which can interfere with pollination), and newly-
developing kernels. Farmers have traditionally controlled com rootworms with insecticides 
and crop rotation (Levine and Oloumi-Sadeghi 1991, Tollefson 1990). However, the western 
rootworm has developed resistance to several insecticides (Meinke et al. 1998). Additionally, 
populations of the northern com rootworm lay eggs with extended diapause that undergo 
extended diapause which defeats a two-crop rotation system (Bigger 1932, Chiang 1965, 
Krysan et al. 1984). Western com rootworm have also defeated crop rotation by laying eggs 
in soybean fields, Glycine max L. (Levine and Oloumi-Sadeghi 1996). 
In February, 2003, the U.S. Environmental Protection Agency granted a registration 
to Monsanto Company (St. Louis, MO) to commercially release transgenic com modified to 
produce an insecticidal protein (Cry3Bbl) from the soil bacterium, Bacillus thuringiensis 
Berliner (Bt) (EPA 2003). This com is designed to control com rootworm larvae. Transgenic 
com that produced an insecticidal protein was first developed for control of the European 
com borer, Ostrinia nubilalis Hubner (Koziel et al. 1993). Transgenic com for the European 
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corn borer has been widely adopted by com farmers in the United States, which has resulted 
in a decrease in their use of insecticides (Pilcher et al. 2002). Pilcher and Rice (1998) 
reported that 73.1% of farmers were "cautiously optimistic" or "enthusiastic" when asked 
how they perceive transgenic com for control of com rootworms. 
The objective of this study was to survey farmers' perceptions and farming practices 
regarding com rootworms, past experiences with transgenic com for European com borer, 
transgenic com in general, and potential refuge options for transgenic com for com 
rootworm. This information can be helpful in understanding farmer knowledge and concerns 
regarding transgenic com, and in guiding researchers, extension specialists and policy 
makers in designing resistance management and integrated pest management programs. 
Materials and Methods 
The survey was a self-administered questionnaire. One thousand surveys were mailed 
in 2001 to a random sample of farmers in each of five states (Illinois, Indiana, Iowa, 
Minnesota, and Nebraska), for a total of 5,000 surveys. The survey sample was obtained 
from a database of farmers maintained by the Iowa Agricultural Statistics Service (LASS). 
The only parameter for a farmer to be selected as a recipient of a survey was that they grew 
com. Mailings to all states were conducted by LASS. 
The survey consisted of a cover letter describing the purpose of the survey and the 
possible uses of the information generated from this survey (i.e. develop educational 
programs). No background information was given on transgenic com or the com rootworm. 
One of us (MER) and the Director of LASS co-signed the cover letter. 
Farmers were asked 20 questions concerning their current and past practices of 
controlling com rootworms, and their perceptions of transgenic com in general and 
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transgenic com designed for control of the com rootworm, previous experiences with 
transgenic com for European com borer, and the use of a refuge to delay the development of 
resistance by com rootworms to transgenic com. A copy of the survey and cover letter are 
included in the Appendix. 
Survey results were analyzed with the JMP statistical software program (SAS 
Institute 2002). Analysis included descriptive statistics to identify central tendencies and 
variability of the questions. Questions with numerical responses were analyzed using analysis 
of variance (ANOVA) and reported as mean ± standard error of the mean (SEM) (SAS 
Institute 2002). When significant differences were found at the P = 0.05 level the Tukey-
Kramer HSD test was used to determine differences between means. Categorical questions 
are reported as percentages of the number of respondents. Chi-square was used to determine 
if significant differences existed in categorical questions. When significant differences were 
found, individual differences were determined using chi-square on all possible pairs to 
determine specific differences between percentages. 
Results and Discussion 
Farmer responses from each state were: n=257 (Illinois), n=251 (Indiana), n=284 
(Iowa), n=265 (Minnesota), and n=256 (Nebraska). The percent responding to this survey 
(26.3%) was similar to a previous survey (26.6% of 3,000 farmers) conducted in Iowa by 
Pilcher and Rice (1998) and a 6-state survey (22.6%) conducted by Pilcher et al. (2002). 
Below, related questions are listed together with their results and discussions 
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1. How many acres of field corn did you plant in 2000? 
2. How many acres were continuous corn acres? 
3. How many acres of corn did you apply soil insecticide to in 2002? 
4. How many acres did you plant with genetically-modified corn protected 
against the European corn borer in 2000? 
Farmers reported significantly larger farms (F= 7.02; df = 4, 1299; P < 0.0001) in 
Nebraska and Indiana than farmers in Iowa and Minnesota (Table 1). Farmers in Nebraska 
had significantly more acres (F = 16.8; df = 4, 483; P = 0.0001) of continuous com (Table 1). 
Farmers in Indiana applied soil insecticides to significantly more acres of com (F= 14.9; df 
= 4, 559; P < 0.0001) than farmers in Illinois, Iowa, and Minnesota. Farmers in Nebraska 
averaged the most number of acres (219.0 ± 22.6) planted to Bt com for European com borer 
in 2000 but differences were not significant between states (Table 1). 
Farm sizes were categorized as either small (<160 acres), medium (160-520 acres), or 
large (>520 acres). These categories were based on results of a previous survey (Pilcher et al. 
2002). The majority of farms across states were categorized as medium (43.7%), followed by 
small (36.2%). The same trends were true for most individual states except Minnesota, which 
had more small farms (46.4%) than medium farms (39.6%) (Table 2). Significant differences 
were detected between farms sizes based on total acres planted, total acres of continuous 
com, acres planted with a soil insecticide, and acres planted with Bt com for control of the 
European com borer (Table 1). Percentages of continuous com, acres treated with 
insecticide, and acres planted with Bt com were calculated from the total acres planted for 
each farm size. Based on these percentages, farmers from smaller farms planted more of their 
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acres: to continuous corn, with a soil insecticide, and with Bt corn for control of the 
European com borer (Table 3). 
5. What row spacing (in inches) do you plant the majority of your corn? 
The purpose of this question was to determine the number of farmers that may be 
planting fields that have row spacing narrow enough for rootworm larvae to cross. Fourteen 
different row spacings were reported. In all states, most farmers (66.7%) planted their com in 
30-inch rows; 36- inch row spacing was the second most common (18.1%). Hibbard et al. 
(2003) reported that western com rootworm larvae move up to three plants within a row or 
across a 0.46-m (18.1 inches) row. Only 8 farmers (0.6%) surveyed planted fields with 0.46-
m row spacing or less. 
6. What have you done to manage the corn rootworm? 
Rotation was the most common control tactic, with 75.2% of farmers across all states 
using this method (Table 4). Significantly more farmers in Iowa and Indiana used crop 
rotation than farmers in Minnesota and Nebraska. Soil insecticides were the second most 
common control tactic (40.7% across all states). Significantly more farmers in Illinois and 
Indiana used soil insecticides than farmers in Minnesota and Iowa. The percent of farmers 
treating the canopy with an insecticide and using late planting as a control of com rootworm 
were not significantly different between states. Significantly more farmers with large farms 
used soil insecticides for com rootworm control than farmers with medium and small farms. 
Significantly more farmers in Minnesota did nothing to control the com rootworm than 
farmers from the other 4 states and significantly more farmers with small farms did nothing 
to control the com rootworm than farmers with medium and large farms (Table 4). 
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Seed treatments for rootworm control are a relatively new technology (first marketed in 
1999). Significantly more farmers from Indiana (17.1%) used seed treated with insecticide 
than farmers from Iowa (9.2%), Minnesota (8.7%), and Nebraska (9.8%) (Table 4). More 
than fourteen percent of farmers in Illinois also used seed treated for control of rootworms. 
Farmers in Illinois and Indiana may have been previously dependent on crop rotation for com 
rootworm control and may be trying to implement seed treatments because they don't have 
application equipment for soil insecticides (Levine and Oloumi-Sadeghi 1996) (Table 4). 
7. What brands of insecticide(s) for corn rootworm did you use in 2000? 
8. At what rate did you apply this/these insecticide(s)? 
The insecticides most commonly used to control the rootworm are Lorsban 15G 
(28.8%) and Force 3G (24.4%) (Table 5). The majority of farmers are applying insecticides 
at or below the maximum allowed rate with the exception of Regent 4SC (Table 6) 
9. Did you treat 1st your corn with insecticide for corn rootworm in the 2000 
season? 
10. If yes on question 9, did you treat because of northern corn rootworms, 
western corn rootworms, both species, or other? 
Typically, crop rotation is a sound strategy to manage com rootworms. Because of 
extended diapause in the northern com rootworm and the western com rootworm variant 
laying eggs in soybeans, farmers in some areas have had to apply insecticides to first-year 
cornfields. The greatest percentages of farmers treating first-year com were in Indiana 
(39.4%) and Illinois (33.5%) and they attribute this action to the egg-laying behavior of 
western com rootworm in soybean (33.3-35.8%) or both the northern com rootworm and 
western com rootworm (35.8%-44.2%) (Tables 7 and 8). What is surprising is the large 
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percentage of farmers in all 5 states using an insecticide for a single rootworm species or 
both species that do not exist as problems, especially when the northern com rootworm 
extended diapause problem is restricted to Iowa, Minnesota and Nebraska while the egg-
laying behavior in soybeans by western com rootworms occurs only in Illinois and Indiana 
(of the states surveyed) (Table 8). It is not clear why farmers are using insecticides against a 
problem that does not exist in their location. 
Farmers with large farms were significantly more likely to treat first year com than 
farmers with medium and small farms (Table 7). The majority (38.0%) of farmers with large 
farms were treating first year com because of the western com rootworm (Table 8). The 
majority of medium and small farmers (41.0 and 38.7%, respectively) treated first year com 
because of the northern com rootworm and the western com rootworm. 
Some insecticides are being used in first-year com for "other" pests. Most likely these 
are wireworms (Elateridae), white grubs (Scarabaeidae), seedcom maggots Delia platura, or 
cutworms (Noctuidae.) 
11. Is your field scouted for corn rootworms prior to insecticide applications or 
other management strategies? 
12. If you answered yes for question 11, was it scouted for rootworm larvae, 
rootworm adults, rootworm eggs, root damage, silk feeding, or not sure? 
A common concept of integrated pest management is monitoring insect pests to 
determine if populations exceed an economic threshold (Pedigo 1999). The greatest 
percentage of farmers scouting before applying an insecticide for rootworm control was in 
Nebraska (42.0%), which was significantly greater than farmers in the other 4 states (Table 
9). Across all states, an average 26.4% of farmers scouted their fields. Scouting of the stages 
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(egg, larva, adult) varied between states, but we believe some responses to this question must 
be viewed as suspect. Scouting for rootworm larvae is a laborious and time-consuming task 
that cannot be easily or accurately accomplished (Bergman et al. 1981). Additionally, there 
are no established procedures or university recommendations for on-farm scouting for 
rootworm eggs (Tollefson 1990). Therefore, we are uncertain as to exactly what information 
farmers are collecting when they are "scouting" for rootworm eggs. Significantly fewer 
farmers in Minnesota scouted for adults than farmers from the other states (Table 10). Over 
half of farmers in Illinois and Nebraska reported they scout for larvae. Farmers were asked if 
they scouted for insect root injury (a measure of larval feeding) or silk clipping (a measure of 
adult feeding). Over half of farmers in Nebraska and Iowa scouted for silk feeding while 
fewer than 40% of farmers in other states scouted for silk feeding (Table 10). 
There was a relationship between farm size and the percentage of those farmers 
scouting prior to applying an insecticide. The larger the farm the greater the percentage of 
farmers that scouted prior to an insecticide treatment (Table 9). However, there were very 
few differences in stages or plant injury scouted for when farm size was taken into account 
(Table 10). 
13. Would you plant genetically-modified corn that provided protection against 
corn rootworm damage if it was offered by seed companies? 
14. Would you plant genetically-modified corn that provided protection against 
corn rootworm AND European corn borer damage if it was offered by seed 
companies? 
In 2003, the EPA approved genetically-modified Cry3Bbl com for protection against 
com rootworm larvae (EPA 2003). It is expected that eventually com hybrids will contain 
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two insect-protection proteins (known as a "stacked" hybrid); CrySBbl for rootworms and 
possibly CrylAb for control of the European com borer. The option of a future com hybrid 
with the ability to control two different pest species may pose on-farm problems with respect 
to planting options and patterns as it is required for insect resistance management (IRM). 
Responses to question 13 were not significantly different (%2 = 14.3; df = 8, 1292; P = 
0.0745) across states but were significantly different (%2 = 23.3; df = 4, 1287; P = 0.0001) 
between farm sizes (Table 11). Responses to question 14 were significantly (%2 = 17.7; df = 
8, 1287; P = 0.00238) different across states and farm size (%2 = 17.2; df = 4, 1283; P = 
0.0018). A large percentage of farmers responded as "not sure" if they would purchase either 
the com rootworm transgenic hybrid (40.5%) or the stacked hybrid (39.0%) (Table 11). A 
greater percentage of farmers were sure they would purchase the com rootworm transgenic 
com (35.0%) and stacked hybrid (39.6%) than were sure they wouldn't (24.6% and 21.4%, 
respectively). Farmers with large farms were more likely to answer yes (44.7 and 39.4%) to 
purchasing either hybrid option as compared to farmers with small farms (28.6 and 34.0%) 
(Table 11). 
15. What are your concerns in 2001 with genetically-modified corn? 
The two most common concerns of farmers in all states and all farm sizes were the 
farmers ability to sell seed (59.3%) and the additional technology fees (54.8%) associated 
with buying the seed com (Table 12). Farmers in Minnesota (46.0%) and Nebraska (51.6%) 
were significantly less likely to be concerned with their ability to sell transgenic seed than 
farmers from other states (60.9-70.0%). A greater percentage of farmers with large farms 
(68.3%) and medium farms (61.6%) were concerned about their ability to sell seed than 
farmers from small (51.7%) farms. There has been no evidence of harmful or allergenic 
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effects of transgenic com for insect control to humans or livestock, but 38.9% and 29.9% of 
farmers reported concerns about these two possibilities, respectively (Carpenter et al. 2002). 
Farmers with small farms were more likely to be concerned with harmful effects to humans 
or livestock (44.3% and 36.2%, respectively) than farmers from medium or large farms 
(Table 12). 
Responses from question 6 (management strategies) were separated and the concerns 
of farmers reporting each strategy were determined (Table 13). Farmers who do nothing to 
control the com rootworm were more likely to not have concerns (25.2%) with transgenic 
com. If a farmer uses late planting as a management strategy, they were also more likely to 
be concerned about harmful affects to humans (66.7%), livestock (53.8%), or to non-target 
insects (38.5%). A low percentage of farmers who use an insecticide to spray the canopy of 
com were concerned with toxicity of transgenic com to non-target insects (7.9%). It is 
possible that these farmers are aware that this type of control tactic kills many beneficial or 
benign insects and arthropods. 
Responses from questions 13 and 14 (would you plant genetically-modified com?) 
were separated and the concerns for farmers responding Yes, No, or Not sure to those 
questions were determined (Table 14). Farmers who had no concerns with transgenic com 
were more likely to answer yes to purchasing transgenic com (46.8% and 53.0%). Farmers 
who had concerns with stalk rot (40.4% and 42.8%) or higher grain moisture (43.1% and 
45.2%) were more likely to be inclined to purchasing transgenic com (Table 14). 
16. What do you feel are the benefits of genetically-modified corn? 
The majority of farmers in all states reported they feel less insecticide in the 
environment (68.5%) and less insecticide exposure to farmers (69.9%) are the primary 
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benefits of transgenic com (Table 15). These responses were similar to questions asked by 
Pilcher and Rice (1998) who reported that 61.7% of farmers feel that less insecticide in the 
environment and less insecticide exposure to farmers are benefits of transgenic com for 
rootworm control. Over half of the farmers (53.2%) think they will get increased yields if 
they use transgenic com. Significantly more farmers from Nebraska (28.9%) felt that 
transgenic com eliminates the need for scouting as compared to farmers from the other states 
(15.1%-19.8%). This is likely because more farmers in Nebraska scout for the com 
rootworm. A low percentage (10.8%-16.2%) of farmers in all states feel there are no benefits 
with using transgenic com (Table 15). There is a relationship between farm size and a 
farmer's perception of the benefits of transgenic com. The larger the farm the more likely a 
farmer is to feel there is a benefit to using this technology (Table 15). 
Responses from question 6 (management strategies) were separated and the benefits 
of farmers reporting each strategy were determined (Table 16). Farmers doing nothing or 
using late planting to control the com rootworm were less likely to report less insecticides in 
the environment, less exposure to farmers, or less mortality to non-target organisms as a 
benefit of transgenic com (Table 16). These same farmers were also more likely to report no 
benefits to transgenic com. Farmers using an insecticide with pop-up chemical were more 
likely to report less mortality to non-target organisms (51.1%) and eliminate the need for 
scouting (42.2%) as benefits. 
Responses from questions 13 and 14 (would you plant transgenic com?) were 
separated and the benefits for farmers responding Yes, No, or Not sure to those questions 
were determined (Table 17). Farmers who feel that scouting could be eliminated or better 
yields are benefits of transgenic com were more likely to answer "Yes" to purchasing 
62 
genetically modified corn for rootworm control or rootworm control stacked with European 
com borer control. Only 2.9% of farmers who feel there is no benefit to transgenic com 
would purchase transgenic com for rootworm control (Table 17) 
17. If you planted Bt corn in 2000, did you observe yield differences in fields 
compared to non-Bt corn (conventional hybrids) with similar maturities 
planted at about the same time? 
18. If you answered yes in question 17, what is the yield difference between your 
Bt and non-Bt corn? 
More farmers reported an increase (21.1%) in yield than decrease (2.8%) (Table 18). 
The ratio of farmers reporting an increase in Bt com yield compared to a decrease in Bt com 
yield was highest in Iowa (12.6:1) and lowest in Indiana (3.9:1). Farmers in Illinois reported 
significantly higher yield gains (11.6±1.0 bu./A) (F = 3.0; df = 4, 256; P < 0.0193) than 
farmers from Minnesota (8.5±0.4 bu./A). No significant differences in yield were observed of 
farmers who reported a yield loss (Table 18). 
19. There is the potential for corn rootworm to develop resistance to genetically-
modified corn. This could cause the technology to fail. To preserve this 
technology farmers will need to follow a resistance management plan. This 
may require different planting options than what you are normally 
accustomed to and will require you to plant a portion of your acreage to non-
genetically modified corn (conventional hybrids). The area of non-
genetically-modified corn will be called the refuge. Which of the following 
refuge options would appeal to you. 
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The most appealing refuge options for farmers in all states were: adjacent fields 
(30.9%), split fields (29.9%), and a seed mix (20.0%) (Table 18). The EPA-approved refuge 
requirement for corn rootworm transgenic hybrids is a 20% refuge planted adjacent to or 
within the transgenic corn field (Monsanto Co., 2003). The two most popular refuge options 
that appeal to farmers would satisfy this proposed IRM plan. The EPA did not approve the 
seed mix refuge option. Farmers from large farms found the adjacent fields option much 
more appealing (40.0%) than farmers from small farms (23.7%). The small farm farmers 
(30.1%) were significantly more unsure which refuge option most appeals to them than 
farmers with medium (23.9%) or large (19.5%) farms (Table 19). 
20. Would you treat the refuge (conventional corn hybrid) with an insecticide to 
control corn rootworm? 
The purpose of the refuge is to provide insects that are susceptible to transgenic com 
to mate with individuals that have survived exposure to transgenic com and are possibly 
resistant. The population of insects from the refuge could be reduced if it is treated with an 
insecticide. Approved IRM plans do allow for farmers to treat the refuge with an insecticide, 
but if an insecticide is applied to the foliage to control mid or late-season pests then the Bt 
com must also be sprayed. The percentages of farmers in all states are evenly split between 
Yes (30.7%) will treat the refuge, No (30.6%) will not treat the refuge, and Not sure (32.1%) 
if they will treat the refuge (Table 20). Responses between states (%2 = 74.5; df = 8, 1217; P 
< 0.0001) and farm sizes (%2 = 21.9; df = 4, 1213; P = 0.0002) were significantly different. A 
higher percentage of farmers in Minnesota (45.3%) will not treat the refuge as compared to 
farmers from other states 21.8%-37.3%. Farmers with large farms are more likely to treat the 
refuge (43.7%) than farmers from medium (32.8%), and small farms (26.7%). 
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In conclusion, Bt corn for control of com rootworms is expected to be widely 
accepted by farmers. Pilcher et al. (2002) found that over a 3-year period farmers quickly 
increased the amount of acres they planted with Bt com for control of European com borer. 
In that same study, the percentage of farmers who say they decreased the amount of 
insecticide they used to control the European com borer double from 13.2% in 1996 to 
26.0% in 1998. More acres of com are treated with an insecticide to control the com 
rootworm than the European com borer. With the additional problems of extended diapause 
in the northern com rootworm and the western com rootworm laying eggs in soybeans, more 
farmers are choosing to treat com with an insecticide. It is likely that adoption of Bt com for 
rootworm control would significantly reduce the amount of insecticides farmers use in their 
cornfields. 
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Table 1. Total com acres, acres of continuous com, acres applied with a soil insecticide, and acres 
planted with Bt com during 2000 
Acres of corn 
State Mean ± SE (n) a,b 
Continuous 
corn acres 
Mean ± SE (n) a,c 
Acres applied 
with soil insecticide 
Mean ± SE (n)",d 
Acres planted 
with Bt corn 
Mean ± SE (n)e 
All States 366.0 ± 11.3(1304) 196.1 ± 14.6 (488) 275.0 ± 13.9 (564) 180.6 ± 9.8 (598) 
Illinois 358.7 ± 21.5 (255)ab 146.6 ± 21.9 (84)b 255.4 ± 23.4 (147)bc 145.1 ± 17.1 (85) 
Indiana 429.2 ± 28.4 (250)a 141.1 ± 19.0 (75)b 399.9 ± 37.6 (131 )a 157.0 ±24.3 (66) 
Iowa 299.7 ± 20.6 (282)b 107.9 ± 15.9 (86)b 140.9 ± 16.8 (89)cd 171.0 ± 15.7 (153) 
Minnesota 310.1 ±26.3 (265)b 109.7 ± 13.5 (103)b 118.2 ± 16.4 (67)d 186.1 ±24.3(160) 
Nebraska 443.9 ± 28.5 (252)a 373.1 ± 42.9 (140)a 343.8 ± 31.5 (130)ab 219.0 ± 22.6 (134) 
P <0.0001 <0.0001 <0.0001 0.1869 
"Means separated by using Tukey-Kramer HSD. 
bdf = 4, 1299. 
cdf = 4, 483. 
ddf = 4, 559. 
cdf = 4, 593. 
Table 2. Percentage of small, medium, and large farms by state 
Small Medium Large 
State <160 acres 160-520 acres >520 acres n 
All States 36.2% 43.7% 20.1% 1304 
Illinois 35.3% 42.7% 22.0% 255 
Indiana 32.8% 42.0% 25.2% 250 
Iowa 37.6% 48.9% 13.5% 282 
Minnesota 46.4% 39.6% 14.0% 265 
Nebraska 28.2% 44.8% 27.0% 252 
Table 3. Percentage of continuous com acres, acres treated with a soil insecticide, 
and acres planted with Bt com for the European com borer 
Farm Size" 
Percent of acres 
continuous corn 
Percent of acres treated 
with soil insecticide 
Percent of acres planted with 
Bt corn for European Corn Borer n 
Small 50.3% 73.8% 54.5% 472 
Medium 43.4% 68.2% 45.6% 570 
Large 42.7% 57.3% 39.2% 262 
"Small farm <160 acres; medium farm 160-520 acres; large farm >520 acres. 
Table 4. Percentage of farmers using listed techniques to control com rootworms 
Soil Insecticide applied Insecticide applied 
insecticide to canopy for with pop-up Seed treated Late Crop 
State at planting" adult control fertilizer" with insecticide" planting rotation" Nothing" Other n 
All States 40.7% 4.8% 3.4% 11.7% 3.0% 75.2% 12.4% 2.2% 1313 
Illinois 51,4%a 5.1% 3.9%b 14.4%ab 3.5% 77.4%ab 7.4%c 4.3% 257 
Indiana 49.0%a 3.2% 2.8%bc 17. l%a 4.4% 78.9%a 9.6%bc 0.8% 251 
Iowa 35.9%b 2.5% 1,4%bc 9.2%bc 1.4% 80.3%a 12.7%b 1.4% 284 
Minnesota 24.5%b 1.1% 1.1 %c 8.7%c 3.4% 71.3%bc 23.4%a 2.3% 265 
Nebraska 44.1 %ab 12.5% 8.2%a 9.8%bc 2.3% 68%c 8,6%bc 2.3% 256 
Ph <0.0001 0.0798 0.0001 0.0090 0.2611 0.0036 <0.0001 0.0890 
i 53.53 40.36 23.44 13.51 5.27 15.58 36.86 8.07 
Farm Size' 
Small 29.7%c 3.6% 3.0% 11.4% 4.0% 75.0% 15.7%a 2.3% 472 
Medium 43 %b 4.3% 2.8% 11.1% 2.8% 77.5% 10.7%b 1.7% 570 
Large 56.4%a 7.2% 5.3% 13.7% 1.5% 71.4% 9.9%b 3.1% 262 
pd <0.0001 0.0910 0.1733 0.5295 0.1358 0.1577 0.0235 0.4989 
%" 52.4 4.8 3.5 1.2 4 3.7 7.5 1.4 
"Percentages separated by paired chi-square analysis. 
"df=4, 1308. 
'Small farm <160 acres; medium faim 160-520 acres; large farm >520 acres. 
ddf = 2, 1301. 
Table 5. Percentage of fanners using listed insecticides 
State Aztecl.lG11 Capturc2EC CounterlOCR" Force3G" FortressSG Furadan4F LorsbanlSG11 
1 1 ThimetZOG" other not sure n 
All States 11.7% 0.6% 12.4% 24.4% 1.2% 3.9% 28.8% 7.2% 2.0% 5.3% 2.5% 643 
Illinois 9.6%ab 1.2% 7.8%c 25.3%a 0.6% 4.2% 36.7%b 6.6%a 0.6%bc 5.4% 1.8% 166 
Indiana 8.7%b 0.0% 12.7%b 28.7%a 3.3% 1.3% 30.0%b 6.7%a 1.3%abc 6.0% 1.3% 150 
Iowa 17.2%a 0.0% 10. l%c 18.2%b 1.0% 3.0% 39.4%a 3.0%b 0.0%c 5.1% 3.0% 99 
Minnesota 3.8%b 1.3% 17.9%a 15.4%b 0.0% 7.7% 26.9%c 9.0%a 7.7%a 2.6% 7.7% 78 
Nebraska 17.3%a 0.7% 16%ab 28.0%a 0.7% 4.7% 12.7%c 10%a 2.7%ab 6.0% 1.3% 150 
Pb 0.0001 0.3209 0.0452 <0.0001 0.0604 0.2645 <0.0001 0.0204 0.0274 MUtt# 0.5779 
x2 25.16 4.69 9.73 42.13 9.03 5.23 40.55 11.624 10.93 8.19 2.881 
"Percentages separated by paired chi-square analysis. 
bdf = 4, 1308. 
Table 6. Rates of insecticides used to control corn rootworms 
Aztecl.lG CounterlOCR Force3G FortressSG Furadan4FLorsbanlSG Regent4SC ThimetlOG 
State lbs/acre lbs/acre lbs/acre lbs/acre lbs/acre lbs/acre lbs/acre lbs/acre Other n 
All States 6.3 ± 0.4 6.2 ± 0.5 4.2 ±0.3 3.1 ±0.3 5.9 ± 1.2 7.2 ±0.3 0.27 ±0.12 6.6 ± 0.7 2.6 ± 1.0 376 
Illinois 6.2 ± 0.6 6.9 ± 0.4 4.1 ±0.3 3.3 5.8 ± 1.3 7.4 ±0.3 0.34 ± 0.04 7.0 0.2 ±0.1 97 
Indiana 7.0 ±0.2 6.4 ± 0.4 4.0 ±0.2 3.4 ±0.3 9.1 ± 1.1 7.6 ± 0.2 0.27 ± 0.03 99 
Iowa 5.5 ±0.3 6.7 ± 0.8 4.4 ±0.5 3.0 7.1 ±0.4 0.30 57 
Minnesota 6.7 ±0.7 5.8 ±0.3 4.0 ±0.5 1.0 6.2 ± 0.4 0.20 ± 0.0 6.3 ±0.5 39 
Nebraska 6.5 ± 0.4 5.6 ±0.5 4.2 ±0.3 2.0 5.0 6.5 ± 0.4 0.32 ± 0.05 7.0 ± 1.0 3.4 ± 1.9 84 
1> 0.2467 0.0967 0.9572 0.7385 0.1921 0.0645 0.4325 0.6910 0.6785 
Maximum labelled rate 7.3 6.5 5.4 4.9 8.7 9.8 0.13 13.1 
Table 7. Percentage of farmers treating first year corn 
Percent of 
farmers treating 
State first year corn (n)"'b'c 
All States 19.5% (1285) 
Illinois 33.5%a (254) 
Indiana 39.4%a (246) 
Iowa 8.7%b (277) 
Minnesota 3.4%c (262) 
Nebraska 13.4%b (246) 
Farm Size*1 
Small 14.3%b (461) 
Medium 20. l%b (558) 
Large 27.9%a (258) 
" State: x2= 184.2; df= 8, 1275; P < 0.0001. 
''Farm size: %"= 19.4; df = 4, 1271; P = 0.0007. 
'Percentages separated by paired chi-square analysis. 
d Small farni <160 acres; medium farm 160-520 acres; 
large farm >520 acres. 
Table 8. Percentage of farmers treating first year com and target pest 
Target pest in 1st year corn"'b 
State NCRc WCRd Both Other n 
All States 13.4% 31.4% 37.2% 18.0% 239 
Illinois 9.9% 33.3% 35.8% 21.0% 81 
Indiana 9.5% 35.8% 44.2% 10.5% 95 
Iowa 20.8% 12.5% 33.3% 33.3% 24 
Minnesota 44.4% 11.1% 22.2% 22.2% 9 
Nebraska 20.0% 33.3% 26.7% 20.0% 30 
Farm Size* 
Small 19.4% 21.0% 38.7% 21.0% 62 
Medium 10.9% 31.8% 41.0% 16.4% 110 
Large 14.1% 38.0% 30.0% 18.3% 71 
"State: %= 23.0; df= 12, 244; P < 0.0277. 
h Farm size: %"= 7.4; df = 6, 234; P = 0.2872. 
c Extended diapause of the northern com rootwoim (NCR). 
d Wesem com rootwoim (WCR) laying eggs in soybeans. 
"Small farm <160 acres; medium faim 160-520 acres; large faim >520 acres. 
Table 9. Percentage of farmers who scout prior to an 
insecticide application 
Percent of farmers 
scouting prior to 
State insecticide treatment (n)1,,b,c 
All States 26.4% (1218) 
Illinois 19.5%b (241) 
Indiana 25.0%b (240) 
Iowa 20.0%b (260) 
Minnesota 25.6%b (234) 
Nebraska 42.0%a (243) 
Farm Sized 
Small 18.9%c (433) 
Medium 27.8%b (532) 
Large 36.0%a (253) 
"State: x2 = 43.8; df= 8, 1215; P <0.0001. 
''Farm size: = 27.0; df = 4, 1212; P < 0.0001. 
'Percentages separated by paired chi-square analysis. 
dSmall farm <160 acres; medium farm 160-520 acres; 
large farm >520 acres. 
Table 10. Percentage of farmers scouting for insect stage of the com rootworm and plant injury 
due to com rootwoim feeding 
Insect stage scouted for Plant injury scouted for 
n State Larvae" Adults" Eggs 
Root 
damage 
Silk 
feeding* Not Sure 
All States 44.9% 53.2% 33.8% 49.5% 45.2% 4.7% 325 
Illinois 50.5%ab 64.6%a 39.6% 43.8% 35.4%ab 2.6% 48 
Indiana 37.7%bc 47.5%a 26.2% 41.0% 36.1 %b 8.7% 61 
Iowa 37.7%bc 52.8%a 30.2% 58.5% 50.9%ab 6.2% 53 
Minnesota 30.0%c 30.0%b 30.0% 61.7% 38.3%ab 5.8% 60 
Nebraska 59.2%a 65.0%a 39.8% 45.6% 56.3%a 2.5% 103 
P" 0.0019 0.0002 0.3242 0.0799 0.0272 0.1413 
x2 17.0 22.5 4.7 8.3 10.9 6.9 
Farm Size' 
Small 34.2% 42.7%b 25.6% 58.5% 40.2% 14.6% 82 
Medium 47.3% 59.5%a 35.8% 46.6% 46.0% 10.8% 148 
Large 48.4% 51.7%ab 37.4% 45.1% 47.3% 8.8% 91 
pd 0.0980 0.0482 0.1877 0.1429 0.6088 0.4752 
x2 4.6 6.1 3.3 3.9 1.0 1.5 
"Percentages separated by paired chi-square analysis. 
bdf=4, 320. 
'Small faim <160 acres, medium farm 160-520 acres; large farm >520 acres. 
ddf = 2, 318. 
Table 11. Percentage of farmers willing to purchase seed protected against the com rootworm or both 
the corn rootworm and European comborer 
Plant corn protected against Plant corn protected against 
corn rootworm1*'1' corn rootworm AND European cornborer'd 
State Yes No Not Sure n Yes No Not Sure n 
All States 35.0% 24.6% 40.5% 1302 39.6% 21.4% 39.0% 1297 
Illinois 31.1% 19.8% 49.0% 257 33.9% 18.9% 47.2% 254 
Indiana 32.9% 27.7% 39.4% 249 37.5% 25.4% 37.1% 248 
Iowa 34.2% 23.8% 42.0% 281 37.4% 20.1% 42.5% 278 
Minnesota 38.1% 25.4% 36.5% 260 45.0% 20.2% 34.7% 262 
Nebraska 38.4% 26.3% 35.3% 255 43.9% 22.8% 33.3% 255 
Farm Size* 
Small 28.6% 30.1% 41.3% 465 34.0% 26.2% 39.8% 465 
Medium 35.7% 22.8% 41.5% 566 40.5% 20.6% 38.9% 563 
Large 44.7% 19.1% 36.3% 262 39.4% 15.3% 37.9% 261 
"State: 14.3; df= 8, 1292; P = 0.0745. 
bFarm size: %" = 23.3; df = 4, 1287; P = 0.0001. 
c State: %'= 17.7; df = 8, 1287; P = 0.0238. 
dFarm size: %"= 17.2; df = 4, 1283; P - 0.0018. 
L Small farm <160 acres; medium farm 160-520 acres; large farm >520 acres. 
Table 12. Percent of farmers that had concerns with genetically-modified corn 
Harmful Harmful Toxicity to Limited Higher 
No Ability to Insect to to non-target pest Increased grain 
State concerns" sell seed" Tech fee" resistance humans" livestock insects* control stalk rot moisture* Other* n 
All States 12.0% 59.3% 54.8% 28.2% 38.9% 29.9% 18.6% 11.3% 11.3% 15.2% 11.5% mn 
Illinois 7.8% 70.0%a 56.0% 29.2% 35.4% 28.8% 19.1% 9.3% 10.1% 10.9%bc 13.6% 257 
Indiana 13.5% 68.1%ab 52.2% 25.9% 39.0% 29.9% 16.3% 13.5% 12.7% 16.7%b 10.4% 251 
Iowa 12.7% 60.9%b 58.8% 31.7% 41.9% 30.3% 20.4% 12.3% 10.2% 14.1 %bc 9.5% 284 
Minnesota 13.2% 46.0%c 55.8% 25.7% 43.0% 31.3% 22.6% 9.8% 8.7% 23.8%a 11.7% 265 
Nebraska 12.9% 51.6%c 50.4% 28.1% 34.8% 29.3% 14.1% 11.3% 15.2% 10.2%a 12.5% 256 
Ph 0.1932 <0.0001 0.3072 0.5056 0.1889 0.9766 0.0926 0.5352 0.1475 <0.0001 0.5859 
x2 6.1 46.5 4.8 3.3 6.1 0.5 8.0 3.1 6.8 6 2.8 
Farm Size1 
Small 15.9%a 51.7%b 47.0%b 26.7% 44.3%a 36.2%a 22.7%a 11.2% 11.2% 16.7% 7.6%b 472 
Medium 10.7%b 61,6%a 58.6%a 29.8% 38.1 %b 27.7%b 16. l%b 10.9% 11.2% 14.7% 10.4%b 570 
Large 7.6%b 68.3%a 60.7%a 27.1% 31.7%b 23.3%b 16.8%b 12.6% 11.5% 12.6% 21,4%a 262 
1>A 0.0019 <0.0001 <0.0001 0.4905 0.0028 0.0004 0.0198 0.7684 0.9949 0.3074 <0.0001 
x2 12.5 21.5 18.5 1.4 11.7 15.8 7.8 0.527 0.01 2.4 29.2 
•"Percentages separated by paired chi-squarc analysis. 
hdr= 4, 1308. 
'Small farm <160 acres; medium farm 160-520 acres; large farm >520 acres, 
''df = 2, 1301. 
Table 13. Management strategies vary by farmers and their reported concerns with gentically-modified com 
Harmful Harmful Toxicity to Limited Higher 
Management No Ability to Insect to to non-target number of pests Increased grain 
Strategy concerns sell seed Tech fee resistance humans livestock insects controlled stalk rot moisture Other n 
Soil Insecticide 10.7% 65.6% 57.8% 32.2% 38.7% 29.5% 19.1% 13.5% 11.2% 14.6% 13.3% 535 
Insecticide on canopy 3.2% 54.0% 55.6% 39.7% 36.5% 28.6% 7.9% 9.5% 11.1% 11.1% 12.7% 63 
Fertilizer w/insecticide 15.6% 53.3% 55.6% 31.1% 31.1% 26.7% 15.6% 22.2% 11.1% 13.3% 13.3% 45 
Seed treatment 15.6% 64.3% 50.6% 33.8% 42.9% 33.1% 15.6% 12.3% 14.3% 18.8% 11.0% 154 
Late planting 7.7% 66.7% 66.7% 33.3% 66.7% 53.8% 38.5% 17.9% 12.8% 17.9% 10.3% 39 
Crop rotation 10.6% 61.5% 58.9% 30.3% 40.3% 31.2% 20.4% 11.9% 11.6% 16.5% 
£ D
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Nothing 25.2% 42.3% 45.4% 20.9% 34.4% 24.5% 17.8% 11.0% 10.4% 14.1% 5.5% 163 
Other 10.3% 51.7% 44.8% 17.2% 48.3% 37.9% 20.7% 10.3% 13.8% 17.2% 27.6% 29 
Table 14. Farmers willingness to purchase genetically-modified corn varies with their concerns 
Plant corn protected against Plant corn protected against 
corn rootworm corn rootworm AND European cornborer 
Concern Yes No Not Sure n Yes No Not Sure n 
No Concerns 46.8% 20.3% 33.0% 158 53.0% 16.7% 30.1% 156 
Abilit to sell seed 32.9% 24.4% 42.7% 775 36.8% 21.1% 42.1% 772 
Tech fee's 33.6% 22.1% 44.4% 712 37.7% 19.4% 42.8% 710 
Insect resistance to the technology 36.2% 22.9% 40.9% 367 42.0% 20.6% 37.4% 364 
Possible harmful effects to humans 27.8% 31.0% 41.2% 507 30.8% 27.7% 41.5% 506 
Possible harmful effects to livestock 27.2% 31.8% 41.0% 390 30.4% 28.4% 41.2% 388 
Toxicity to non-target organisms such 30.3% 31.5% 38.2% 241 36.1% 29.5% 34.4% 241 
as the monarch 
Limited number of pests that the 33.3% 27.9% 38.8% 147 40.0% 24.1% 35.9% 145 
technology controls 
Increased stalk rot 40.4% 24.0% 35.6% 146 42.8% 22.1% 35.2% 145 
Higher grain moisture 43.1% 20.5% 36.4% 195 45.2% 18.3% 36.5% 197 
Other 29.8% 32.4% 37.7% 151 32.0% 29.3% 38.7% 150 
Table 15. Fanner percieved benefits of genetically-modifed corn 
Less Less Less mortality 
insecticide exposure to non-target Eliminate Better 
State in Environment* to farmers* organisms* scouting* yields* Other None" n 
All States 68.5% 69.9% 37.2% 20.1% 53.2% 3.1% 13.2% 1313 
Illinois 67.3% 66.5% 41.2%a 19.8%b 50.2% 2.7% 12.8% 257 
Indiana 69.3% 72.1% 32.7%b 17.5%b 47.4% 3.2% 10.8% 251 
Iowa 68.7% 68.0% 32.7%b 15.1 %b 54.6% 3.2% 16.2% 284 
Minnesota 63.8% 67.2% 36.2%ab 19.6%b 57.4% 3.0% 14.0% 265 
Nebraska 73.8% 76.2% 43.8%a 28.9%a 56.3% 3.5% 11.7% 256 
Ph 0.1707 0.0787 0.0245 0.0019 0.1196 0.9910 0.3862 
I 6.4 8.4 11.2 17.0 7.3 0.3 4.1 
Farm Sizec 
Small 61 5%c 62.1%c 30%c 17.3% 43.6%c 1.0% 16.5%a 472 
Medium 69.8%b 71 6%b 38.6%b 20.4% 55.6%b 4.0% I2.5%ab 570 
Large 77.5%a 80.5%a 47.3%a 24.4% 65.6%a 3.8% 9.2%b 262 
Pd <0.0001 <0.0001 <0.0001 0.0744 <0.0001 0.0600 0.0132 
X" 20.8 29.2 23.5 5.2 35.3 5.6 8.7 
"Percentages separated by paired chi-square analysis, 
"df = 4, 1308. 
h Small farm <160 acres; medium farm 160-520 acres; large farm >520 acres. 
cdf = 2, 1301. 
Table 16. Management strategies vary by fanners and their reported benefits with genetically-modified com 
Less Less Less mortality 
Management insecticide exposure to non-target Eliminate Better 
Strategy in environment to farmers organisms scouting yields Other None n 
Soil insecticide 75.9% 79.1% 43.6% 21.7% 56.1% 3.7% 9.5% 535 
Insecticide on canopy 74.6% 81.0% 46.0% 33.3% 57.1% 4.8% 7.9% 63 
Pop-up w/insecticide 77.8% 75.6% 51.1% 42.2% 62.2% 6.7% 6.7% 45 
Seet treatment 76.0% 78.6% 46.1% 26.0% 61.0% 2.6% 8.4% 154 
Late planting 61.5% 66.7% 35.9% 28.2% 43.6% 2.6% 23.1% 39 
Crop rotation 71.0% 73.5% 40.3% 20.9% 55.8% 3.1% 10.9% 988 
Nothing 59.5% 56.4% 28.8% 17.8% 44.8% 2.5% 22.1% 163 
Other 48.3% 41.4% 24.1% 10.3% 34.5% 17.2% 24.1% 29 
Table 17. Farmers willingness to purchase genetically-modified com varies with their perceived benefits 
Plant corn protected against Plant corn protected against 
corn rootworm corn rootworm AND European cornborer 
Benefit Yes No Not Sure n Yes No Not Sure n 
Less insecticide in the environment 43.3% 13.4% 43.3% 894 47.8% 10.9% 41.3% 890 
Less insecticide exposure to farmers 42.9% 14.1% 42.1% 910 47.6% 11.0% 41.4% 909 
Reduced mortality to non-target 46.0% 11.6% 42.4% 483 51.9% 9.3% 38.8% 482 
organizmz as compared to insecticides 
Eliminate need for the field scouting 50.2% 13.0% 36.8% 261 54.4% 10.3% 35.2% 261 
Better yields 50.1% 10.2% 39.6% 694 56.0% 7.2% 36.8% 691 
Other 39.0% 22.0% 39.0% 41 46.3% 17.1% 36.6% 41 
None 2.9% 77.9% 19.2% 172 5.2% 73.3% 21.5% 172 
Table 18. Percentage of farmers that observed a yield difference between transgenic and non-transgenic in 2000 and 
the amount of difference observed 
Did farmer observe yield a difference between Increase in Bt yield Decrease in Bt yield 
transgenic and non-transgenic corn?" bu/acre bu/acre 
State Higher Bt yield Lower Bt yield No Diff Not Sure n mean ± SE (n)b mean ± SE (n)c 
All States 21.1% 2.8% 15.8% 10.5% 659 9.6 ± 0.3 (261) 11.4 ± 1.6 (33) 
Illinois 14.8% 1.6% 15.2% 7.4% 100 11.6 ± 1.0 (34)a 9.8 ±4.2 (3) 
Indiana 11.2% 3.2% 10.0% 7.6% 80 10.7 ± 1.2 (27)ab 15.2 ±6.1 (7) 
Iowa 22.9% 2.5% 18.0% 18.0% 174 9.7 ± 0.6 (63)ab 8.9 ±0.9 (5) 
Minnesota 29.8% 4.5% 17.4% 10.2% 164 8.5 ± 0.4 (75)b 11.2 ± 2.4 (11) 
Nebraska 26.2% 2.3% 18.0% 8.6% 141 9.1 ± 0.6 (62)ab 11.1 ±2.3 (6) 
Y =21.7; df = 12, 644; P =0.0413. 
''Percentages followed by the same letter are not significantly different (* < 0.0001 ) 
(ANOVA with means separated by using Tukey-Kramer HSD). 
'Means are not significantly different (P = 0.8017) using ANOVA. 
Table 19. Percentage of fanners reporting which refuge options they found appealing 
Alternate Adjacent Split Not 
State Seed mix* rows fields* field* necessary Not sure* n 
All States 20.0% 11.8% 30.9% 29.9% 6.8% 25.4% 1313 
Illinois 24.1% 16.3% 27.6% 32.7%a 6.6% 26.8% 257 
Indiana 15.5% 12.4% 28.7% 21.1 %b 10.8% 29.1% 251 
Iowa 21.1% 9.5% 30.6% 31,3%a 5.3% 27.1% 284 
Minnesota 18.9% 12.5% 32.8% 35.1%a 4.5% 23.4% 265 
Nebraska 19.9% 8.6% 34.8% 28.9%a 7.0% 20.3% 256 
Ph 0.1735 0.0591 0.3898 0.0058 0.0635 0.1525 
x2 6.4 9.1 4.1 14.5 8.9 6.7 
Farm Size0 
Small 17.7%b 9.3% 23.7%c 26.7%b 5.7% 30.1 %a 472 
Medium 21.8%a 13.2% 33.0%b 33.5%a 7.3% 23.9%b 570 
Large 22.1%a 13.7% 40.0%a 28.2%ab 6.9% 19.5%b 262 
pd 0.00787 0.0885 <0.0001 0.0457 0.5582 0.0038 
x2 5.1 4.8 22.9 6.2 1.2 11.1 
"Percentages separated by paired chi-square analysis. 
''df = 4, 1308. 
'Small faim <160 acres; medium farm 160-520 acres; large faim >520 acres. 
ddf = 2, 1301. 
Table 20. Percentage of farmers that would treat a refuge 
Treat refuge with insecticide?"'** 
State Yes No Not sure n 
All States 30.7% 30.6% 32.1% 1227 
Illinois 36.2% 21.8% 37.0% 244 
Indiana 38.6% 24.7% 25.9% 224 
Iowa 25.0% 37.3% 33.5% 272 
Minnesota 17.0% 45.3% 32.1% 250 
Nebraska 37.9% 22.7% 32.0% 237 
Farm Size' 
Small 26.7% 37.9% 35.4% 472 
Medium 32.8% 32.3% 34.9% 570 
Large 43.7% 25.7% 30.6% 262 
" State: %' = 74.5; df=8, 1217; P <0.0001. 
h Farm size: x2 = 21.9; df = 4, 1213; P = 0.0002. 
1 Small farm <160 acres; medium farm 160-520 acres; large farm >520 acres. 
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CHAPTER 5. General Conclusions 
Transgenic corn for control of the corn rootworm has become a reality with 
transgenic hybrids developed by Monsanto Co. being approved for commercial sale in 
February, 2003 (EPA 2003). This technology could provide a fundamentally different 
approach to control this perennial pest. Pest specificity and easy, safe application of this 
technology could potentially make it a superior option to traditional insecticides applications. 
The development of the western corn rootworm variant laying eggs in soybeans and extended 
diapause of the northern corn rootworm has frustrated farmers who have used crop rotation 
for control of the rootworm. The western corn rootworm also has developed resistance to 
several insecticides. Although crop rotation and insecticide use are still viable options for 
rootworm management in most areas of the Com Belt, these examples show that alternative 
tactics need to be developed for management of these pests. 
The Bt transgenic com hybrid developed by Monsanto Co. has the set precedence for 
insect resistance management strategies for this technology. An effective resistance 
management plan should rely heavily on information known about the biology of the pest 
and how it interacts with its host crop. The YieldGard Rootworm and YieldGard Plus 
transgenic hybrids provide good protection of the roots, but substantial numbers of 
rootworms survive to adulthood. The fitness of these surviving individuals could influence 
how a resistance management plan is implemented. 
Western com rootworms surviving on transgenic com had reduced fitness as 
compared to beetles surviving on non-transgenic com. Western com rootworms that fed on 
the roots or leaves of a transgenic plant laid fewer eggs and caused less injury. There was 
higher mortality of beetles exposed to the leaves or roots of transgenic plants. Higher 
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mortality increases the pressure to select individuals that are resistant to the transgenic corn. 
However, this may not translate into more root injury if surviving beetles are feeding on root 
hairs or smaller roots. They may be able to consume enough food to grow to maturity but 
not cause significant injury to the plant. It is unclear if mortality due to leaf feeding occurs 
naturally in the field. Our study was an experiment designed to force beetles to feed on 
leaves for 5 days. However, the results indicate that there is the potential for rootworms to 
incur mortality and reduced egg laying if excessive exposure to leaves of transgenic plants 
occurs. 
The flight fitness of beetles surviving transgenic com was not significantly reduced. 
These beetles were capable fliers, often traveling several kilometers in 24-hours. In fact, in 
2001 beetles emerging from YGPlus flew significantly farther than beetles from YGCB and 
terbufos. Beetles exposed to leaves for five days did not fly as far as beetles exposed to silks 
for five days. These type of data may be useful in modeling spread of resistance. 
Different options may be needed for management of com rootworm resistance to 
transgenic com as compared to European com borer. The biology of the two insects are 
much different and it is likely the transgenic events themselves will be different. Farmers 
prefer refuge options that are similar to those approved for the European com borer. Because 
virgin females do not fly sustained flights it is desirable to place the refuge as close to the 
transgenic com as possible. Alternating rows of transgenic and non-transgenic com is not 
desirable for farmers, but a seed mix would be easy for farmers to implement. A large 
percentage of farmers are unsure if they would purchase transgenic seed for rootworm 
control. However, over 60% of farmers feel that this technology would reduce the amount of 
insecticide in the environment and the amount of insecticide exposure to farmers. This in 
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fact could be the biggest selling point of the transgenic varieties and could help reduce the 
amount of toxins farmers apply to their field for control of this pest. Farmers were most 
concerned with their ability to sell the seed and the increased costs of purchasing these new 
hybrids. 
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APPENDIX. Farmer Survey 
Dear Farm Operator: 
Iowa State University Extension, in cooperation with the Iowa Agricultural Statistics 
Service, has designed the enclosed survey to ask your opinions about genetically-
modified corn and corn rootworm management. Your opinion is extremely 
important to us for two reasons. First, your comments will help us better 
understand farmer's perceptions of genetically-modified corn and how they might or 
might not use this new technology to manage com rootworms. Second, we can 
use the comments to develop educational programs and information for the future 
that will benefit corn growers throughout the Midwest. 
Please complete and return the survey as soon as possible. We greatly appreciate 
your cooperation. 
Sincerely, 
Marlin E. Rice 
Professor of Entomology 
James K. Sands 
State Statistician 
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Corn Rootworm Management Survey 
1. How many acres of field com did you plant in 2000? 
(Write answer on line) 
2. How many acres were continuous corn acres? 
(Write answer on line) 
3. How many acres of com did you apply soil insecticide to in 2000? 
(Write answer on line) 
4. How many acres did you plant with genetically-modified corn protected against the 
European corn borer in 2000? 
(Write answer on line) 
5. What row spacing (in inches) do you plant the majority of your corn? 
(Write answer on line) 
6. What have you done to manage the corn rootworm? 
(Circle ALL that apply) 
1. insecticide applied to soil at planting for larval control 
2. insecticide applied to canopy of corn for adult control 
3. insecticide applied with pop-up fertilizer of herbicide 
4. seed treated with insecticide 
5. late planting 
6. crop rotation 
7. nothing 
8. other 
7. What brands of insecticide(s) for corn rootworm did you use in 2000? 
(Circle all that apply) 
1. Aztec 2.1 G 
2. Capture 2EC 
3. Counter 20CR 
4. Force 3G 
5. Fortress 5G 
6. Furadan 4F 
7. Lorsban 15G 
8. Regent 4SC 
9. Thimet 20G 
10. Other 
11. Not Sure 
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8. At what rate did you apply this/these insecticide(s)? 
(Write answer on line) 
1. pounds per acre 
OR 
2. ounces per 1,000 foot row 
9. Did you treat 1st year corn with insecticide for com rootworm in the 2000 season? 
(Circle one answer) 
1. yes 
2. no 
3. not sure 
10. If yes on question 9, did you treat because of 
(Circle one answer) 
1. northern corn rootworms with extended diapause 
2. western corn rootworms laying eggs in soybean fields 
3. both 
4. other 
11. Is your field scouted for corn rootworms prior to insecticide applications or other 
management strategies? 
(Circle one answer) 
1. yes 
2. no 
3. not sure 
12. If you answered yes for question 11, was it scouted for 
(Circle ALL that apply) 
1. rootworm larvae 
2. rootworm adults 
3. rootworm eggs 
4. root damage 
5. silk feeding 
6. not sure 
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13. Would you plant genetically-modified corn that provided protection against com 
rootworm damage if it was offered by seed companies? 
(Circle one answer) 
1. yes 
2. no 
3. not sure 
14. Would you plant genetically-modified corn that provided protection against corn 
rootworm AND European com borer damage if it was offered by seed companies? 
(Circle one answer) 
1. yes 
2. no 
3. not sure 
15. What are your concerns in 2001 with genetically-modified corn? 
(Circle ALL that apply) 
1. no concerns 
2. ability to sell the seed 
3. tech fee's 
4. insect resistance to the technology 
5. possible harmful affects to humans 
6. possible harmful affects to livestock 
7. toxicity to non-target organisms such as the monarch butterfly 
8. limited number of pests that the technology can control 
9. increased stalk rot 
10. higher grain moisture 
11. other 
16. What do you feel are the benefits of genetically-modified corn? 
(Circle ALL that apply) 
1. less insecticide in the environment 
2. less insecticide exposure to farmers 
3. reduced mortality to non-target organisms as compared to insecticides 
4. eliminate need for field scouting 
5. better yields 
6. other 
7. none 
17. If you planted Bt corn in 2000, did you observe yield differences in fields compared to 
non-Bt corn (conventional hybrids) with similar maturities planted at about the same 
time? 
(Circle one answer) 
1. yes, BT corn yield was higher 
2. yes, BT corn yield was lower 
3. no difference in yield 
4. not sure 
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18. If you answered yes in question 17, what is the yield difference between your Bt and 
non-Bt corn? (Write answer on line) 
bushels per acre 
19. There is the potential for corn rootworm to develop resistance to genetically-modified 
corn. This could cause the technology to fail. To preserve this technology farmers 
will need to follow a resistance management plan. This may require different 
planting options than what you are normally accustomed to and will require you to 
plant a portion of your acreage to non-genetically modified corn (conventional 
hybrids). The area of non-genetically-modified com will be called the refuge. Which 
of the following refuge options would appeal to you. 
(Circle ALL that apply) 
1. seed mixture of both the genetically-modified and non-genetically-modified 
corn 
2. alternating rows of genetically-modified and non-genetically-modified corn 
3. field of non-genetically-modified corn adjacent or near the genetically-
modified field 
4. split field with portion planted to non-genetically modified corn 
5. I don't think a refuge is necessary 
6. not sure 
20. Would you treat the refuge (conventional corn hybrid) with an insecticide to control 
corn rootworm? 
(Circle one answer) 
1. yes 
2. no 
3. not sure 
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